
Modeling of the cardiac sympathetic nervous system and
the contribution of epicardium-derived cells
Ge, Y.

Citation
Ge, Y. (2021, December 15). Modeling of the cardiac sympathetic nervous
system and the contribution of epicardium-derived cells. Retrieved from
https://hdl.handle.net/1887/3247258
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3247258
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3247258


Modeling of the Cardiac Sympathetic 
Nervous System and the Contribution of 

Epicardium-derived Cells 

Yang Ge



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Modeling of the cardiac sympathetic nervous system and the contribution of 

epicardium-derived cells  

© Yang Ge, Leiden, the Netherlands, 2021. 
All rights reserved. No part of this book may be reproduced or transmitted, in any form 
or by any means, without written permission of the author 
ISBN: 978-94-93270-31-2 
Cover & chapter divider: Ganglia (parasympathetic and sympathetic ganglia) are 
important mediators between the central nervous system and the heart. Parasympathetic 
ganglia lie close to the heart. In contrast, sympathetic ganglia are usually located close to 
the spinal cord but more distant from the heart. These characteristics of parasympathetic 
and sympathetic ganglia are depicted as short (or long) legs and long (or short) arms of 
parasympathetic (or sympathetic) ganglia.  
Layout, design and art work: Yang Ge 
Printing: AIO proefschrift all in one |https://proefschrift-aio.nl/ 
The work presented in this thesis was carried out at the Department of Anatomy & 
Embryology and the Department of Cardiology of the Leiden University Medical Center 

  



Modeling of the Cardiac Sympathetic Nervous System 

and the Contribution of Epicardium-derived Cells 

Proefschrift 

ter verkrijging van 
de graad van doctor aan de Universiteit Leiden, 
op gezag van rector magnificus prof.dr.ir. H. Bijl, 
volgens besluit van het college voor promoties 

te verdedigen op  

woensdag 15 december 2021 
klokke 10:00 uur 

door 

Yang Ge 

geboren te Gansu, China in 1990 



Promotores:

Co-promotor:

Leden promotiecommissie: 

Prof. Dr. M.C. de Ruiter 

Prof. Dr. M.J. Schalij 

Dr. M.R.M. Jongbloed 

Prof. Dr. M.J.T.H. Goumans 

Prof. Dr. D. Salvatori (Universiteit Utrecht) 

Prof. Dr. R.L.A.W. Bleys (UMC Utrecht)

Dr. J.M. van Gils 



 

 

 

 

 

 

 

 

 

 

 

 

 

                                   To everyone who has offered help to make this thesis come true. 

                                       To my family and friends who have supported me spiritually. 

 
  





Contents	

Chapter	1	
General	introduction	and	thesis	outline	

Part	I.						Cardiac	sympathetic	innervation	and	EPDCs	
Chapter	2	
Human	epicardium-derived	cells	reinforce	cardiac	sympathetic	innervation	
Chapter	3	
The	sex	of	epicardium-derived	cells	influences	the	outgrowth	of	cardiac	
sympathetic	nerves	in	vitro	

Part	II.					Breaking	the	limits	of	EPDCs	
Chapter	4	
Generation,	characterization	and	application	of	inducible	proliferative	adult	
human	epicardium-derived	cells		

Part	III.				Cardiac	sympathetic	nervous	system	remodeling	after	cardiac	
damage	
Chapter	5		
Acute	myocardial	infarction	induces	neuronal	remodeling	in	murine	superior	
cervical	ganglia		
Chapter	6	
Low-input	nucleus	isolation	and	multiplexing	with	barcoded	antibodies	of	
mouse	sympathetic	ganglia	for	single-nucleus	RNA	sequencing	
Chapter	7	
Single-nucleus	RNA	sequencing	reveals	the	cellular	composition	and	
molecular	signature	of	murine	superior	cervical	ganglia	

Chapter	8			
Systematic	review	and	general	discussion:	The	relevance	of	the	superior	
cervical	ganglion	for	cardiac	autonomic	innervation	in	health	and	disease:	
morphological	considerations	

Summary	
Samenvatting	

List	of	publications	
Acknowledgements	
Curriculum	Vitae	



 

 

  




