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Expression patterns of isletd in developing mouse embryonic hearts

CAI Yuin JING Ya™ SONG Li YANG Yan-ping CUI Huidin LI Ai-hong GUO Rui
( Department of Histology and Embryology Shanxi Medical University Taiyuan 030001 China)

Abstract  Objective To observe the expression patterns of isletd ( ISL1) in developing mouse embryonic hearts
and the morphogenesis of the heart the second heart field and foregut endoderm. Methods Serial sections of eighteen
mouse embryonic hearts from embryonic day( ED) 8 to ED 13 were stained immunofluorescently or immunohistochemically
with antibodies against myosin heavy chain( MHC) ISL1 proliferating cell nuclear antigen( PCNA) and a-smooth muscle
actin( «-SMA) . Expression of ISL1 was measured with Western blotting in mouse embryonic hearts from ED11 to ED14.
Results At ED9 ISL1-expressing cardiac progenitors was detected at the distal wall of the outflow tract ( OFT) . At ED
10 ISLI positive cells extended into the proximal wall of OFT from the distal and distributed in the myocardium of venous
sinus. From ED11 to ED12 ISLI1 expression reached the highest level in embryonic hearts. ISL1 positive cells were mainly
distributed at the sinus node and the venous valves on venous pole of the heart but were detected at the distal wall of OFT
the developing intrapericardial aorta pulmonary trunk and aorticpulmonary septum on the arterial pole of the heart. At the
same time the length of solid corn stretching out from foregut endoderm reached the longest and was surrounded by ISL1-
expressing progenitors of anterior component of the second heart field ( aSHF) . The density of ISL1 positive cells in aSHF
was significantly higher than that of posterior component of the SHF. At EDI13 ISL1-expressing progenitors were
dramatically reduced both in the heart and the SHF while the solid endoderm cord was gradually eliminated. Conclusion
ISL1 positive progenitor cells are mainly detected from ED9 to ED13 in mouse embryonic hearts. The extent of ISLI positive
cells distribution in mouse embryonic hears is accompanied by the morphogenesis of the SHF and foregut endoderm.
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Fig.1 Transversal sections of mouse embryonic hearts at ED8.5 A B showed MHC and ISL1 immunohistochemical staining Bar =100 pum

Fig.2 Transversal sections of mouse embryonic hearts at ED9 A D showed MHC and B C E showed ISL1 immunohistochemical staining

Bar =200 pum

Fig.3 Transversal sections of mouse embryonic hearts at ED10 A D showed MHC and B E showed ISLI immunohistochemical staining; C were stained
immunofluorescently merged( yellow) of ISLI( red) and SMA( green) ; Bar = 100pum

Fig.4 Transversal sections of mouse embryonic hearts at EDI1 A E showed MHC and B C F showed ISLI immunohistochemical staining; C
corresponding to selested box in B; D were stained immunofluorescently merged( yellow) of ISL1( red) and PCNA( green) ; A B E F Bar =200pum;

C D Bar=100pm
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Fig.5 Transversal sections of mouse embryonic hearts at EDI2 A C F showed MHC and B D E G showed ISL1 immunohistochemical staining; B
D E G corresponding to selested box in A C D F respectively; A C F Bar=500pm; B D G Bar=200pm; E Bar=100pum
Fig.6 Transversal sections of mouse embryonic hearts at EDI3 A B D showed MHC C E showed ISL1 and F showed PCNA immunohistochemical

staining; C E F corresponding to selested box in B D respectively; A B D Bar=500pm; C E F Bar=200pum
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Fig.7 Expression of ISLI in mouse embryonic hearts on
different embryonic day

* P<0.05 *kP<0.01

Compared with other group

9 ~10d ISL1
N N ISL1
9.5d
* . ISL1 SHF
ISL1 27 . 9 ~13d
ISL1 MHC
SHF
ISL1 o Western
blotting 10d ISL1
11 ~12d ISL1
13d ISL1 o
10 ~12d
ISL1 SHF
o 13d ISL1
SHF
ISL1 . ISL1
5 13

MHC
5.
10d ISL1
ISL1
14
2. ISL1
SHF
SHF
SHF  ISL1
SHF
SHF
FGF8
8 10 15
ISL1
ISLI
pSHF  ISL1
ISL1
ISL1
. B-
ISL1

ISL1

SHF
12 ~13d ISL1
a-SMA
ISL1
ISL1
pSHF
ISL1
SHF
2 10
; ISL1
o BMPs. Thx1
Shh SHF
SHF
10d
ISL1
13d
11 ~12d
pSHF
9.25d
2
pSHF
16 17

aSHF .



Vol.47 No.6

- 817

pSHF aSHF . ISL1
aSHF SHF o
12d aSHF  ISL1
ISL1 ; 13d
aSHF ISL1

ISL1

11 ~

aSHF
SHF
ISL1

3. ISL1

SHF
YR ISL1.
( bone morphogenetic protein BMP) |
Thx1 Shh SHF

2 4 18 19

8 ~9d
SHF

SHF o 10 ~12d

aSHF
ISL1 o 13d
aSHF
ISL1
SHF o
ISL1

10d ISL1

ISL1
ISL1
SHF

ISL1 SHF N o

pSHF  ISLI
JISL1
ISL1

pSHF  1ISLI

10

11

12

13

14

15

Hoffman JI Kaplan S Liberthson RR.. Prevalence of congenital
heart disease J . Am Heart ] 2004 147(3) :425-439.

Cai CL Liang X Shi Y et al. Isll identifies a cardiac progenitor
population that proliferates prior to differentiation and contributes a
majority of cells to the heart J . Dev Cell 2003 5(6) : 877-889.
Zaffran S Kelly RG. New developments in the second heart field

J . Differentiation 2012 84( 1) : 17-24.

Goddeeris MM~ Schwartz R Klingensmith J
requirements for Hedgehog signaling by both the anterior heart field

et al. Independent

and neural crest cells for outflow tract development ]
Development 2007 134(8) : 15934604.

Sun Y Liang X Najafi N
cardiovascular lineages including pacemaker and coronary vascular
cells J . Dev Biol 2007 304( 1) :286-296.

Zhuang S Zhang Q Zhuang T et al. Expression of Isll during
Gene Expr Patterns 2013 13( 8) : 407

et al. Islet 1 is expressed in distinct

mouse development J .

412.

Lough J Sugi Y. Endoderm and heart development J . Dev Dyn

2000 217(4) :327-342.

Hoffmann AD  Peterson MA  Friedland-Little JM

hedgehog is required in pulmonary endoderm for atrial septation
J . Development 2009 136( 10) : 17614770.

Wu ShSh Jing Y Yang YP et al. Association of neural crest cells

and ISLH positive cells with the development of the outflow tract of

Acta Anatomica Sinica 2011 42

et al. Sonic

the mouse embryonic heart. J .
(5): 684-689. (in Chinese)
1

I 2011 42
(5) :684-689.
Dyer LA Kirby ML. The role of secondary heart field in cardiac
development J . Dev Biol 2009 336(2):137-44.
Engleka KA Manderfield L] Brust RD et al. Isletl derivatives in
the heart are of both neural crest and second heart field origin J .
Circ Res 2012 110(7) :922-926.
Yang YP Wu ShSh Jing Y
cellular retinoic acid binding protein 1 positive neural crest cells of
. Acta Anatomica Sinica 2013 44(04):519-

et al. Distribution and function of

mouse embryo ]
524. (in Chinese)
1

J. 2013 44

(04) :519-524.

Bu L Jiang X MartinPuig S et al. Human ISL1 heart progenitors

generate diverse multipotent cardiovascular cell lineages J

Nature 2009 460(7251) : 113417.

Liang X Zhang Q Cattaneo P et al. Transcription factor ISLI is

essential for pacemaker development and function J J Clin

Invest 2015 125(8) :3256-3268.

Hooper JE Scott MP. Communicating with hedgehogs J . Nat Rev

Mol Cell Biol 2005 6(4):306-317.

van den Berg G Abudssa R de Boer BA

proliferating growth center contributes to both poles of the forming

heart tube J . Circ Res 2009 104(2):179-488.

Dominguez JN Meilhac SM Bland YS et al. Asymmetric fate of

the posterior part of the second heart field results in unexpected left/

et al. A caudal

right contributions to both poles of the heart J . Circ Res 2012
111(10) : 13234335.

Dyer LA Kirby ML. Sonic hedgehog maintains proliferation in
secondary heart field progenitors and is required for normal arterial
pole formation J . Dev Biol 2009 330(2):305317.

Rochais F Mesbah K Kelly RG. Signaling pathways controlling
second heart field development J . Circ Res 2009 104(8) :933-
942.



