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Fig. 1 Identification of Thx18-Cre/Rosa26-EYFP
double-heterozygous mice by PCR
(a) Rosa26-EYFP reportor strain mice. (b) Tbx 18-Cre knock-in mice.
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Fig. 2 The observation of Tbx18-derived living cells by laser scanning confocal microscope and FACS

(a), (b), (c) YFP* cardiomyocytes can be observed with 488 nm excitation. Cultured cells are YFP positive, demonstrating they are Tbx 18 descendants

which can be monitored under an inverted confocal microscope. (d) YFP* cardiomyocytes can be easily isolated from heart of Tbx18-Cre/Rosa26R-

EYFP double-heterozygous mice by fluorescence activated cell sorter(FACS).
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Fig. 3 X-gal staining of Thx18 lineage-traced heart
(a), (b), (c), (d) Corresponding to Tbx18 lineage-traced heart at neonatal (X2.5), E15.5(X3), E18(X3), neonatal (X3) with whole-mount X-gal staining.
(e), (), (g), (h), (i), (j), (k), (I) Corresponding to whole-mount, left/right atrium, superior vena cava, left/right ventricle, left/right atrium, left/right
ventricle, ventricular septum-A, ventricular septum-B of Tbx18 lineage-traced heart at E18 by X-gal staining on sections. LacZ expression in
Tbx18-Cre/Rosa26-LacZ mice heart revealed that atria, ventricular septum, ventricular wall, coronary vascular can be generated from Tbx 18 lineages.
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Fig. 4 Immunofluorescence in Tbx18 lineage-traced cells

(a, d, h, k) EYFP' cells and tissues demonstrating they are Tbx 18 descendants(Tbx18-lineage-traced cells or tissues). (a~ ¢) Isolated Tbx18-derived cells
differentiated into cardiomyocytes (Immunostaining with ¢cTNT antibodies). (d ~ f) Smooth muscle cells (Immunostaining with myosin heavy chainl 1
antibodies, MYHI11). ¢cTNT as cardiac markers in cells or tissues. cTNT" cells and tissues demonstrating they are cardiomyocytes. MYHI11 as a marker
of smooth muscle cells, Tbx18-derived EYFP"* cells is co-localized with MYHI11 demonstrating they are vascular smooth muscle cells. (g ~j)
VE-cadherin as a specific marker of vascular endothelial cells, Tbx18-derived EYFP" cells is not co-localized with VE-cadherin demonstrating
Tbx18-derived cells can not differentiate into VE-cadherin positive cells (Immunostaining with VE-cadherin antibodies). (k~m) Tbx18 lineage-traced
heart sections is co-localized with cTNT at adult demonstrating Tbx 18-derived EYFP" tissues are heart tissues.
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Fig. 5 Tbx18 genetic fate-mapping model: Thx18-Cre/Rosa26R-EYFP and
Tbhx18-Cre/Rosa26R-LacZ double-heterozygous mice®™

AE oI AH 41 B A S S DX T b Wit s Tsl-1.
Nkx2.5, Tbx18 Jyhnict iy/Co i AH 40 o 5 0o i & & ik

FE 1R 5% Wiy J G 75 28 7 RE3E AN W A . Tbx18-Cre/
Rosa26R XU A% A /)y BUBE Y (R 57, 76 4 A 7S B



«132 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2011; 38 (2)

Tox 18" L JIEAH A L 7t v is, H1D4678 Tox18" L
JUE AL L 1 UL A P AR R . X S e b
SEARN ARSI R RO IR . 50T K. 097
RV ONSEENE 2/ PRAELL P S W RN YA &S
PR ISR R A LR LA R 2 X

s % X W

[1] Chien KR, Domian I J, Parker K K. Cardiogenesis and the complex
biology of regenerative cardiovascular medicine. Science, 2008,
322(5907): 1494-1497

[2] BuL, Jiang X, Martin-Puig S, et /. Human ISL1 heart progenitors
generate diverse multipotent cardiovascular cell lineages. Nature,
2009, 460(7251): 113-117

[3] Domian I J, Chiravuri M, van der Meer P, et al. Generation of
functional ventricular heart muscle from mouse ventricular
progenitor cells. Science, 2009, 326(5951): 426-429

[4] Wiese C, Grieskamp T, Airik R, et al. Formation of the sinus node
head and differentiation of sinus node myocardium are
independently regulated by Tbx18 and Tbx3. Circulation Research,
2009, 104(3): 388-397

[S] Cai C L, Martin J C, Sun Y, et al. A myocardial lineage derives
from Tbx 18 epicardial cells. Nature, 2008, 454(7200): 104-108

[6] Christoffels V M, Grieskamp T, Norden J, et al. Tbx18 and the fate
of epicardial progenitors. Nature, 2009, 458(7240): E8-9

[7]1 Srinivas S, Watanabe T, Lin C S, et al. Cre reporter strains
produced by targeted insertion of EYFP and ECFP into the
ROSA26 locus. BMC Dev Biol, 2001, 1: 4

[8] Soriano P. Generalized lacZ expression with the ROSA26 Cre
reporter strain. Nature Genet, 1999, 21(1): 70-71

[9] Liu J, Stainier D Y. Tbx5 and Bmp signaling are essential for
proepicardium specification in zebrafish. Circ Res, 2010, 106 (12):
1818-1828

[10] Bakker M L, Boukens B J, Mommersteeg M T, et al. Transcription
factor Tbx3 is required for the specification of the atrioventricular
conduction system. Circ Res, 2008, 102(11): 1340-1349

[11] Lepilina A, Coon A N, Kikuchi K, et al. A dynamic epicardial
injury response supports progenitor cell activity during zebrafish
heart regeneration, Cell, 2006, 127(3): 607-619

[12] Kraus F, Haenig B, Kispert A. Cloning and expression analysis of
the mouseT-box gene Tbx18. Mech Dev, 2001, 100(1): 83-86

[13] Narazaki G, Uosaki H, Teranishi M, et al. Directed and systematic
differentiation of cardiovascular cells from mouse induced
pluripotent stem cells. Circulation, 2008, 118(5): 498-506

[14] Moretti A, Bellin M, Jung C B, et al. Mouse and human induced
pluripotent stem cells as a source for multipotent Isll’
cardiovascular progenitors. FASEB J, 2010, 24(3): 700-711

[15] Moretti A, Caron L, Nakano A, et al. Multipotent embryonic isl1’
progenitor cells lead to cardiac, smooth muscle, and endothelial cell
diversification. Cell, 2006, 127(6): 1151-1165



2011; 38 (2) R, & ERIERREHAETRR Tox18-0 RO R4 LB RE *133-

Genetic Fate Mapping Reveals The Differentiation Potential
of Thx18* Cardiac Progenitors Into Cardiomyocyte
Lineages in The Mouse Heart”

DU Jian-Lin™, ZHANG Jin™, PU Di, GAO Er-Zhi, YANG Jing-Tao,

GAO Ling-Zhi, XIA Shuang, DENG Song-Bai, SHE Qiang"™
(Department of Cardiology, The Second Affiliated Hospital of Chongqing Medical University, Chongqing 400010, China)

Abstract The study of cardiac progenitor cells (CPCs) is important for understanding the pathogenesis of
congenital heart diseases and treating cardiovascular diseases. The mammalian heart is derived from distinct sets of
CPCs. T-box transcription factor Tbx 18 is expressed in the developing epicardium of the heart and play key roles
in heart developing. In order to monitor and elucidate the differentiation potential of Tbx18" CPCs in tissues and
living cells, Tbx18 genetic fate-mapping model, Tbx18-Cre/Rosa26R-EYFP and Tbx18-Cre/Rosa26R-LacZ
double-heterozygous mice, were founded by Cre-LoxP system. These double-heterozygous mice were useful in
monitoring the fate of Tbx18" cells by Cre expression, and tracing the lineage of the cells in embryos and adult
mice. YFP* cells can be easily isolated from heart of Tbx18-Cre/Rosa26R-EYFP double-heterozygous mice by
fluorescence activated cell sorter(FACS) and be monitored under an inverted confocal microscope. X-gal staining
of genetic fate-mapping model revealed that atria, ventricular septum, ventricular wall, coronary vascular and
atrioventricular valves can be generated from Tbx18 lineages. Here it was showed that Tbx18" CPCs can
differentiate into anticardiac troponin T (cTNT ) positive cardiomyocytes and anti-smooth muscle myosin heavy
chainl1 positive smooth muscle cells in vivo by immunofluorescence. The heart is a complex organ composed of a
diverse set of muscle and non-muscle cells. It was speculated that Tbx18 may play an important role in regulating
the signal pathway of progenitor cells differentiating into myogenic cell lineages. These results identify Tbx18 as a
marker of cardiac progenitors cells by Tbx18 genetic fate mapping mice, and lay the foundation for researching the
differentiation potential of cardiac progenitors into cardiomyocyte lineages in the field of cardiac regeneration and

repair.
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