o [E & 5 B AN AL 2019 4F 4 55 33 55 4 ) «497 o

- FTHRESHRTIE -

TBX3 X TBX18 fE AR IFE S Z se T AR o]
SREEFMHRESE S LFPRIER

X\ gk, g, BFRE, A, Bt

1. VG BB R4 R B e oK iU AR (91959 646000)
2. VO R BE R R A B I e i 28 RE (PUJITH 646000)
3. VU pE BE R R A O L B A5 T (PUJITS M 646000)

[(HE] HW HKRIFKL TBX3, TBX18 FEATRFE LA T 41 (human induced pluripotent stem cells,
HiPS) [0 5 B 45 RE AN & e BUER . 7335 B HIPS, R SER %% E & PCR (real-time fluorescence
quantitative PCR, qRT-PCR) ¥l =+ HEFRIEH OCT3/4, SOX2, NANOG %ik, J 5 A T 41 (human
embryonic stem cells, hESCs) HL2; S ey % HiPS THEFRICY) OCT3/4. NANOG, SSEA4 il TRA-1-60 &
iko #4 HiPS a0 JLAIHERE 7] 434k, qRT-PCR A0 LR /A 0 45 S 4 2L 5] ISL1, NKX2-5 (NK2 homeobox 5) P
Je O WM AR AR IEY) ACTN, TNNT2 3£k, LIS A HIANAE (human adult cardiomyocytes, hACM) 1 A FHAE X
W& S e e Y O EE.O WURT VA 40 I s 5742 e s I 7 NKX2-5, G0 LN i e S P e 246 2 L WLER 2B (1 (cardiac
troponin, ¢TnT) . a-fi L8 (a-actinin) , PSOG5ILERE [ #4% (myosin light chain 2A, MLC-2A) FlLL 2 JLEK
H2HE (myosin light chain 2V, MLC-2V) ik ; JiA A AKE I a-actinin FHPERR . 1 HiPS [a].C LA E 1] 73
55 3 K (MIRZH B , L8 8E 0 2t Feak 52 B 45 A G 2 [H] TBX3. TBX18, 4kZL%# % 21 d, SR qRT-PCR £
T SE P &8 A0 s SEPEARIC Y TBX3, TBX18, SHOX2, NKX2-5, HCN4, HCN1 #ixf ik ik, IRt (08 [ 28
HAGHEE AR, 4558 OCT3/4. SOX2. NANOG 7E HiPS Fll ESCs ik, &R AN FKis B 2 R I0s1T
X (P>0.05) ; OCT3/4 Il NANOG 7E HiPS H5§ 54340 T4 i #% 1, SSEA4 Fl TRA-1-60 43 Aii T4 AR |-
HiPS [0 L4853k 5. 7. 21, 28 d B ISL1 FEH LA Kok 7. 21, 28 d B NKX2-5 BEFAHXT RIA @ W E & T
hACM (P<0.05) , 43£ 3. 5, 7. 21 d ACTN1 il TNNT2 FEF AR5 &1 B3 K F hACM (P<0.05) . NKX2-5 7E44
KERIrAMuAZ 1 F3K; TnT M a-actinin, MLC-2A Fll MLC-2V {5 5 & 7 TMT b, FF400 48 2 B0 H L/ INGS 20 3 RE
g5k, AR 7R HiPS G LA HITE S50k P . 133835 TBX3 4+, TBX18, SHOX2, HCN4, HCN1 #
XRZHFRIA A LA, H SHOX2 EEAR R EEFA LG E X (P<0.05) ; NKX2-5 FE AR FRLF BT
X REAH, H2% R TGe 225 X (P>0.05) o, 3o ik TBX18 ZHH, 4% KA X Fe ik 1 5 % BB 20 L A 2% S B it
B (P>0.05) . £5i€ HiPS M hESCs (L REMEAHIT, #ESr T HE A9 HiPS T HEAERr K537 vk s P #Esr HiPS
) LA i R A AR5 /4% TBX3. TBX18 78 HiPS [ 52 45 R 4 i w5 48 /- Ab b AR BEVE AR 3%, 5
TBX3 I — gt s, Fken]iff— B IRE,
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[ Abstract] Objective To explore the role of over-expression of TBX3 and TBX18 in inducing human induced
pluripotent stem cells (HiPS) to enrich and differentiate into sinoatrial node-like cells. Methods The expression of
stemness markers OCT3/4, SOX2, and NANOG in HiPS was detected by real-time fluorescence quantitative PCR (qRT-

DOI: 10.7507/1002-1892.201812009
HWfE1E#H: A4, Email: zhouhuaxizhu@126.com; B, Email: 1875153677@qq.com

http://www.rrsurg.com


http://dx.doi.org/10.7507/1002-1892.201812009
http://dx.doi.org/10.7507/1002-1892.201812009
http://dx.doi.org/10.7507/1002-1892.201812009
http://www.rrsurg.com

«498 . Chinese Journal of Reparative and Reconstructive Surgery, Apr. 2019, Vol. 33, No.4

PCR), and compared with human embryonic stem cells (hESCs). Immunofluorescence staining was used to observe the
expression of HiPS stemness markers OCT3/4, NANOG, SSEA4, and TRA-1-60. The HiPS were directional differentiated
into cardiomyocytes, the expressions of ISL1, NK2 homeobox 5 (NKX2-5), ACTN1, and TNNT2 were detected by qRT-
PCR, and human adult cardiomyocytes (hACM) were used as positive control. Immunofluorescence staining was used to
observe the expressions of NKX2-5, cardiac troponin (¢TnT), a-actinin, atria myosin light chain 2A (MLC-2A), and
ventricular myosin light chain 2V (MLC-2V). The positive rate of a-actinin was detected by flow cytometry. On the 3rd
day after HiPS were differentiated into cardiomyocytes (mesodermal stage), lentiviral over-expressions of sinoatrial node-
related genes TBX3 and TBX18 were carried out for 21 days. The relative expressions of specific markers TBX3, TBX18,
SHOX2, NKX2-5, HCN4, and HCN1 in sinoatrial node cells were detected by qRT-PCR, and compared with enhanced
green fluorescent protein blank virus. Results OCT3/4, SOX2, and NANOG were highly expressed in HiPS and ESCs,
and there was no significant difference in the relative expression of each gene (P>0.05); OCT3/4 and NANOG were
specifically distributed in the nucleus of HiPS, while SSEA4 and TRA-1-60 were distributed in the cell membrane. The
relative expressions of ISL1 gene at 5, 7, 21, and 28 days and NKX2-5 gene at 7, 21, and 28 days of HiPS differentiation into
cardiomyocytes were significantly higher than those of hACM (P<0.05), and the relative expressions of ACTN1 and
TNNT?2 genes at 3, 5, 7, and 21 days of HiPS differentiation into cardiomyocytes were significantly lower than those of
hACM (P<0.05). NKX2-5 was expressed in most of the nuclei, cTnT and a-actinin, MLC-2A and MLC-2V signals were
localized in the cytoplasm, presenting a texture-like structure of muscle nodules. Flow cytometry results showed that HiPS
was successfully induced to differentiate into cardiomyocytes. The expressions of TBX18, SHOX2, HCN4, and HCN1 in
the over-expression TBX3 group were up-regulated when compared with the control group, and difference in the relative
expression of SHOX2 gene was significant (P<0.05); the relative expression of NKX2-5 gene was lower than that in the
control group, but there was no significant difference (P>0.05). There was no significant difference in the relative
expression of each gene between the over-expressed TBX18 group and the control group (P>0.05). Conclusion  HiPS
and hESCs have similar pluripotency, and we have established a stable method for maintaining and culturing the stemness
of HiPS. A technological platform for the efficient differentiation of HiPS into cardiomyocytes has been successfully
established. Although TBX3 and TBX18 do not play a significant role in promoting the enrichment and differentiation of

HiPS into sinoatrial node-like cells, TBX3 shows a certain promoting trend, which can be further explored in the future.
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HiPS & (LHPB-YaabC3) . HiPS 4 f5 15 57 5
(PM1 #5##%) . A\ ESCs (human ESCs, hESCs) %
(HN4) ("M HRAEH 4R A A )
HFB (3£ [E ATCC 4i}fiJ%2) ; TBX3. TBX18 i FKik
M aE (EIEFOTAEM AR ABRA ) 5 Wat
T PO ) CHIR-99021, Wnt 3 &30 57 TWP-
2 (Selleck A H], £H) ; Byt a-FHNBIEA (a-
actinin) PUiK (Sigma-Aldrich A&, FEH) ; Rt
NKX2-5 (NK2 homeobox 5) . SO UL4H 4 F 4
Wi B HLERE H (cardiac troponin, ¢TnT) | Pt
L P LR EE [ #25% (myosin light chain 2A, MLC-
2A) | PLL = WK F1 52 5E (myosin light chain
2V, MLC-2V) $fifk (Abcam A ], 32[) ; DAPI,
Bl OCT3/4 B L EHUIA . bt NANOG 5 v T
A BBt SSEA4 FSTRERTIA, FlBT TRA-1-60 HL50fE
HiAK . Alexa Fluor488 Fric#i % —Fi . Alexa Fluor594
FRicPi e — Pt . Alexa Fluor488 it L il — i (Cell
Signaling Technology /v 7], 3£[E) ; Toyobo ¥ 5%
57 £ . QuantiTect SYBR” Green PCR i # £ . 5L
¢ N6 %E it PCR (real-time fluorescence quantitative
PCR, qRT-PCR) i & (Thermo Fisher A ], 3
) ; RNA $2HUAF Nucleo Zol (Invitrogen /3 A,
KM .

R FRAH (SANYO 4 F), HAS) 5 fRIEAH2ZE
BB 2GR (Olympus AH], HA) ; it
4142 (BD A #l, £ ) ; RT-PCR {Y (Thermo
Fisher A1), £ ) ; %4MEEEIL (NanoDrop
o], FEE) .

1.2 HiPSEHFRETE

1.2.1 HiPS ¥4 M HiPS % (LHPB-YaabC3), ]
PM1 £ -5 T 37°C . 5%CO. s A7, B
3 d BUA & IR 70% ~ 80% HLALTF X Bk K41 2
MO T e S ac i, 5 E A 22 BB S A B S
1.2.2 qRT-PCR #:0 F Azt £ ik B HiPS,
HFB. hESCs, ] qRT-PCR A6 4% 40 i 1 1A
iCY OCT3/4, SOX2, NANOG R Fik, i
Nucleo Zol #% MR AE 1 B A5 %5 24 MU A 5 i1 T RNA
FEUL, ] Nanodrop & RNA ¥ ¥, Toyobo i¥if% 5%
R & Hl % cDNA. R QuantiTect SYBR" Green
PCR 7] Gkl 5 FE R 2R3k, DLAIR GAPDH 1R
W2, PCR MFEF: 94°C FiAEME 2 min, 94°C ¢
P 55, 60°C 1B K /FEAH 15 s, 40 DHIEIR . 1 fire
Z¢: 95°C. 2 min, 60°C. 20s, 95C, 155, M 60°C Z&
TEANEE] 99°C o SR A 27 T 45 JL R A X e 55
i, HERFGIYF L 1,
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1.2.3 SZHEREFEWRFHRAFEHEL B
HiPS DL 4% £ R P EEE 2 15 min, 0.5%Triton X-100
175 15 min; A+ 11135 H A H B4 30 min, A —#T
[Pt OCT3/4 HrEkEHTIA (1 ¢ 50) | Hbi NANOG
HEREPLAR (10 50) . BlPT SSEA4 FR I REDLIA
(1:50) . BPL TRA-1-60 FRFLFELIR (1 : 50) J4°C
H7, —$t] Alexa Fluor594 P —Hi. Alexa Fluor
488 PUH —Pi . Alexa Fluor488 it il —#1 (1 :
500) ], ZEIR#EE 1 he DAPI B Yy, %6 0 e
MEZ
1.3 HiPS [0 AR RE [ 946 R4l
1.3.1 Z@44  BUHIPS P 1.2x10° AN /LB A 4%
FhF 12 FLAL, AlE IR 100% B (GEh 0 d), LU
6 umol/L CHIR-99021 YEf] 24 h; B4 PM1 H5 553
K38 48 h, A 5 umol/L IWP-2 /£ 48 h, i ;
AL 7 RIGHEE 3 R 1k, &BHEEHTULT
i
1.3.2  qRT-PCR 4] & MU2m fL 45 AR T4 R ik
S F4rk 0,3, 5,7, 21, 28 d BUH i, [
1.2.2 J7 ¥Rl UL (4 20 e 4 S5 4 5 P4 ISL1 (ISL
LIM homeobox 1) . NKX2-5, VA K.CxULAH L4 5k
€% ACTNI (actinin alpha 1) , TNNT2 (troponin
T2, cardiac type) JEH F ik, LLALA O HLAH i
(human adult cardiomyocytes, hACM) £ 4 [H P4 X}
MR, R 27 B PR LA O A 56 R A R 45 35 PR X
Fik, KREHEGIYTFHNIE 1.
1.3.3  F0& 3 E LA L g I 57 AR T 40
I3k 21 d BUB 4, [7] 1.2.3 J51%, R0 fRpe s ey
o VRGO LTI A< 4 A o S5 A% 5 5k Rl NKX2-5,
cTnT, a-actinin, A NG OB RRIZEN
MLC-2A Fll MLC-2V {3k,
1.3.4 iR X ARER  HUHIPS 2 8 1.3.1 Jrikm
O U 1) 53 AR R SE 3, A 4 AR Akt
WA, RKig% 21d DL 4% ZRHFEEFEE 15 min,
0.2%Triton X-100 183% 15 min; 4 L35 185 1 E ]
15 min, A —¥H0 (FRHL a-actinin FTi4, 1 : 100) 4°C
1%, Pt (Alexa Fluor488 Hit il —Ht, 1 : 500) E iR
HwESE 30 min, SR A AE SR 45 41 a-actinin FH
PR,
1.3.5 FH-Foampeey s sFfehabien 6 1.3.4
Ty, 5559% 21 d R B B A 22 W R AR i 41
ML A o K R v v 00 SR 40 i ) 1 #5 sl ek
], JEIHIE 21 d B 4 A S A 5 RN 20 B 3 L 451
1.4 fREFES HiPS 18X
1.4.1 &A% 5 & (multiplicity of infection,
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MOI) # & HUHiPS #% & 1.3.1 J5ik )0 L4 e
ok, 55 3 K (P IR)ZBrB) e sk st A
(enhanced green fluorescent protein, EGFP) %% 3%
B HILL MOIL i 5., 25,50, 75 ¥4, F 37°C.,
S96CO. ALK FRIHITE, BV 8 h, k., 2k
FFE % 48 h 5 PO i WAL Yo, e
it MOLL

# 1 qRT-PCR ZEES|HFFI
Tab.1 Primer sequences of qRT-PCR genes

FEA SlHFF (5'—3")

Gene Primer sequence (5'—3')

OCT3/4 Jiff CTGGGTTGATCCTCGGACCT
Upstream
it CCATCGGAGTTGCTCTCCA
Downstream
SOX2 iff GCCGAGTGGAAACTTTTGTCG
Upstream
T GGCAGCGTGTACTTATCCTTCT
Downstream
3% TTTGTGGGCCTGAAGAAAACT
Upstream
it AGGGCTGTCCTGAATAAGCAG
Downstream
ISL1 i ATCAGGTTGTACGGGATCAAATG
Upstream
T ATGTGATACACCTTGGAGCG
Downstream
i CAAGTGTGCGTCTGCCTTT
Upstream
Fif CAGCTCTTTCTTTTCGGCTCTA
Downstream
i TCCATCGGAGCCGAAGAAATC
Upstream
T GTGTCGGTGGATCAAAGCACA
Downstream
i TTCACCAAAGATCTGCTCCTCGCT
Upstream
T TTATTACTGGTGTGGAGTGGGTGTGG
Downstream
TBX3 ki CCCGGTTCCACATTGTAAGAG
Upstream
Tiif GTATGCAGTCACAGCGATGAAT
Downstream
TBX18 Fif GACGATCTTTCTCCCATCAAGC
Upstream
Fiif CTATCTTCAGGCGAGTAATCTGC
Downstream
| ¥ CAAAGAGGATGCGAAAGGGAT
Upstream
T AGTGGGTCTCGTCAAAAAGCC
Downstream
HCN1 i GGGGAAAGCAGTATTCATACGC
Upstream
Tt ATGGTAATCCAGAGGTCAGACA
Downstream
HCN4 Jiff TGGACACCGCTATCAAAGTGG
Upstream

T CTGCCGAACATCCTTAGGGA
Downstream

NANOG

NKX2-5

ACTN1

TNNT2

SHOX2
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1.4.2 544 SLEIE TBX3 il Kikd.
TBX18 i Fkdl FIxTHEZH . B HiPS #% H] 1.3.1 Jrik
] WL A E 1) 44k, 565 3 ORGE i 18 6 B DA B £
MOI 4L/ 5529 TBX3, TBX18 i ik, 25 K
FEFE YLV R AL, QRSB35 % 21 d WFUEATLAT
iRl
1.4.3 qRT-PCR &M £ 5 % miatriedh ks B
KA, [ 1.2.2 J7R A QRT-PCR R il i % ik
TBX3 41 FIXH N A Xt BB 4] TBX18, SHOX2, NKX2-
5. HCN4, HCN1 & AH X ik &5 Ko iad Fe ik
TBX18 ZH FIXJ N [ 6} B2 TBX3, SHOX2, NKX2-
5. HCN4, HCN1 J:H AT Rk &, & 3LH 5197
IR 1,
1.5 SFitEF*E

K SPSS17.0 Beit {47 73 o Hdl A3y
BbrE 23R, A LBCRH ¢ K KoK i
«=0.05,

2 #R

2.1 HiPSEEEUEREE

2.1.1 BEFIE  HEFF 3 d A2 B
N, AIHIHER B0, RGO SR T Al
REIE, Ztm B R, WE 1,

2.1.2 qRT-PCR #0| FHAFTH AL HiPS Fr 5
5T OCT3/4. SOX2. NANOG 7E HiPS #il
hESCs H ¥R Rk, LA RN & i 2E 7T
Giits i L (P>0.05) 5 #5HEH7E HFB HhR 3Rk
DL 2,

2,13 LRRAEFENETFHATCH AL TOLE
B MEOR, OCT3/4 Fll NANOG 7E HiPS FHER R/
Tz y, H2MeEHEM%EES; SSEA4
TRA-1-60 7 HiPS & 3ik, HAEANARE I 258 FH
PGS, X655 SA MR R Ykl DAPL (55 A E
&. WA 3.

E1 FIERZEMBREURZ HIPS I  a x4; b.x20

Fig.1 Morphology observation of HiPS under inverted phase
contrast microscope a. x4; b. x20
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1.5 F 1.5 F 15 F
= 1 1
#H 10 &0 b &0 b
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= 05 = 05 Z o5
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HFB  HiPS  hescs (a) HFB  HiPs  hescs (b) HFB  HiPs  hesCs (©)

Bl 2 qRT-PCR#&MEMITFERIZFRIE  a. OCT3/4; b.SOX2; c. NANOG
Fig.2 Detection of stemness markers by qRT-PCR method a. OCT3/4; b.SOX2; c. NANOG

B3 RERKLENE HIPS THRIEYRIE (WX BMBEx40)  NEZLHKK Y DAPI ZRE . FOLRE . —HESE a
OCT3/4; b.NANOG; c.SSEA4; d. TRA-1-60

Fig.3 Detection of stemness markers of HiPS by immunofluorescence staining (Fluorescence microscopex40) From left to right for DAPI
nucleus staining, fluorescence staining, and merge a. OCT3/4; b.NANOG; c. SSEA4; d. TRA-1-60

http://www.rrsurg.com


http://www.rrsurg.com

e 502 Chinese Journal of Reparative and Reconstructive Surgery, Apr. 2019, Vol. 33, No.4

2.2 HiPS @O ALAREE R 5L
2.2.1 qRT-PCR #0]:& fLim B4 AR T4 & ik
hACM FEF X5 R 1. ISL1 Al NKX2-5 F
HiPS 7k 3 RIBELERIK, 735 T45 5. 7 Kiklg
B, WS ZM FRE. 55 5.7, 21, 28 K ISL1 3
AR A3 AR5 7., 21, 28 K NKX2-5 JE R A X ik
HYEERT hACM REMXRLE, ZRER
127 X (P<0.05) . ACTN1 Hl TNNT2 % [H fifi /3
fERTRNAE G, A XS e i b I 5. A fbEs 3.
5.7.21 K ACTN1 Hl TNNT2 KR AHXf 5581
FLTF hACM X £k, ZRAGIHE
X (P<0.05) ; 53fL%E 28 K ACTNI 1 TNNT2 A
HIXF k5 hACM FEP A XS ik i 22 55 0
GiitefE X (P>0.05) . WA 4.
222 IR RS EIE S WL FLA S AR IT ) R
K PO MR, 48 K A R S
NKX2-5 8 [k, HIE50m, FZRESY9kE DAPI
A PL5E4 S, ¢TnT. a-actinin A1 MLC-2A . MLC-
VAT B TN, IF HAb 28 WL/ NES
SUPHFELER . WL 5,
2.2.3 AKX @me AN SLIRHMM T a-actinin
FHERR 78.5%, XFREZH M 3.2%, $&7 HiPS [0 L

6.0
w 4T

P
30 |

LR ARRT R

15

0 3 5 7 21 28
12+

1.0

_‘QO.S-

1] (d) ®

3 5 7 21 28

Bl (d) ©

S ). WLIE 6.

224 FHFONmRE T SFhean SRS
5 9 RAMMIF LGS 5 Bl o3 AL R B4, A
B R, HES B A, B A R sl iR R A K
21 d Z0AEE 55 % H 40 ~ 90 YK /min, 4HHEH 3 L
7E 70% LA o X BRZE 3% 57 A v ok th 30 LA
MR S AR A, AR SR R B A . LA
70

2.3 fREHEY HIPS

2.3.1 & MOI#E  ZOGCRMBEMER, A
MOT {ERIEG N, ik 5E 5% Y0 S 1 94, MOI
R 50 F1 75 B AR5 BE A% YRR, {H MOT 2h 75
A 240 MR 25 B — B 7, I 50 1R R ek
MOI #7525 5. VLKl 8.

2.3.2 qRT-PCR #:m| 5 G 4 e trie sk ik ot
Fik TBX3 40, BR SHOX2 KR AR F kit i
T T AH R X B 20 (P<0.05) 41, TBX18, NKX2-5,
HCN4, HCN1 JEHAX B w50 A b2 57
WG # 2 X (P>0.05) . iF ik TBX18 4+,
TBX3., SHOX2, NKX2-5, HCN4, HCN1 FE K AHX %
ESMHMARA L EZRIXSEITFE X
(P>0.05) . WKl 9. 10,

3.0
25 F
Sg 20
1.5 F

1.0

B PAR X

05 f

0 3 5 7 2Il 2I8
i (d) ®
1.2
1.0
EEO.S F
0.6

04

B PAR X

02

3 5 7 21 28

] (d) @

4 qRT-PCR #ill54k & BT i s O AL RS R AR RIE o ISLL; b. NKX2-5; ¢ ACTNI; d. TNNT2
Fig.4 Detection of cardiomyocyte markers after differentiation at different time points by qRT-PCR method a.ISL1; b. NKX2-5; c.

ACTN1; d. TNNT2
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Bls5 421dB2REXLENRONMESEERBYRIE (ABRMEx40)  NAEFHKIK g DAPT YA, 56, —HE
% a.NKX2-5; b.cTnT; c. a-actinin; d. MLC-2A; e. MLC-2V

Fig.5 Detection of cardiomyocyte markers of HiPS by immunofluorescence method at 21 days after differentiation (Fluorescence

microscopex40) From left to right for DAPI nucleus staining, fluorescence staining, and merge a. NKX2-5; b.cTnT; c. a-actinin; d. MLC-

2A; e. MLC-2V
3 it J, AR HHE R R RAR T SR . {H ESCs
FACRE . e HE R SF R A MSCs UL A fE
AR, T AN DL AEDR S R 74 AR, Huangfu 55 "WF5E A 2 BE % A 1Y
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-100  10° 10* 10° -10:0  10° 10* 107

6 k21 d BXEMAKRNFHA a-actinin FAYER 2 Xt 7 HiPS B O AL 21 d FARBKENE (RIBHRE
M4 ; b. SLIed BREX10)  a XWHRH; b SRA

Fig.7 Morphological observation of HiPS differentiated into
cardiomyocytes at 21 days (Inverted phase contrast microscopex

10) a. Control group; b. Experimental group

Fig.6 Detection of positive ratio of a-actinin at 21 days after
differentiation by flow cytometry method a. Control group; b.

Experimental group
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Fig.8 Observation on transfection efficiency of different MOI transfected cells at 48 hours (Fluorescence microscopex10) a. MOI: 5; b.
MOIL: 25; c¢. MOI: 50; d. MOI: 75
1.5 F 20 15 F
i I 15 i
=10 b = =10t
® ® ®
£ Z 10l E
junang junng junng
2 05 2 os | 2 05
0 0 0
AR ik TBX3 41 (2) AR itk TBX3 41 (D) WAL etk TBX3 41 ()
1.5 F 1.5
iz i
A0 # 10 b
® ®
= i
z z
K L ol L
e 0.5 e 0.5
0 0
iHREgL 3tk TBX3 41 (4) WPREgL bk TBX3 41 (e)

El 9 qRT-PCR il TBX3 W FKiXASHEMBAZEEMMIRICYWRIEZ  a TBX18; b.SHOX2; c.NKX2-5; d. HCN4; e. HCN1

Fig.9 Comparison of sinus node markers expressions by QqRT-PCR method between TBX3-over group and control group a. TBX18; b.

SHOX2; c.NKX2-5; d. HCN4; e. HCN1
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Fig.10 Comparison of sinus node markers expressions by QqRT-PCR method between TBX18-over group and control group a. TBX3; b.

SHOX2; c¢.NKX2-5; d.HCN4; e. HCN1
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