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Abstract

Ganglionated Plexus (GP) is a complex neural network composed by intrinsic cardiac autonomic nervous system 
(ANS) and is mainly located in fat pads around the antrum of the pulmonary veins (PVs). Recent studies demonstrated 
hyperactivity of GPs and atrial fibrillation (AF) formed a vicious cycle, to be specific, hyperactivity of the cardiac GPs 
facilitated the initiation and maintenance of AF and the activity of cardiac GPs increased as AF continued. In addition, 
research has confirmed that the Nav1.8 channel is highly expressed in GPs and is closely related to activity of GPs and 
the inducibility of AF. Nerve growth factor (NGF) is an important neurotrophic factor and the expression of NGF in GPs 
is up-regulated during AF over time, which could trigger the release of SP in the heart via TRPV1 signaling pathways. 
Besides, SP could rapidly increase the activity of the Nav1.8 channel, demonstrating the increment of Sensory nerve 
action potentials. Therefore, we hypothesized that up-regulated NGF during AF could increase the activity of GPs 
through TRPV1-SP-Nav1.8 channel pathways and contributes to stability of AF. If this hypothesis is proved to be correct, 
future studies based on this link may help to find new therapeutic targets for the treatment of AF.
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Short Communication 
Atrial �brillation (AF) is the most common cardiac arrhythmia, 

and the prevalence of AF is expected to increase dramatically over 
the next few decades [1]. Although AF itself is not typically lethal, 
it is associated with an increased risk of stroke, heart failure, and 
dementia, as well as cardiovascular-related and all-cause mortality [2]. 
In addition, AF accounts for more than one-third of all arrhythmia-
related hospitalizations [3]. Once AF is initiated, it is inclined to sustain 
itself and cause changes in progressive electrical remodeling [4] and 
structural remodeling [5] of the atria and that promote the occurrence 
and maintenance of AF, knowing as the concept of “AF begets AF”. 
Recent years, emerging evidence indicated that autonomic remodeling 
has a close link with the initiation and maintenance of AF [6].

�e Relationship between Atrial Neural Hyperactivity 
and AF Inducibility

Cardiac autonomic nerve is made up of two main components: the 
extrinsic and intrinsic autonomic nervous system (ANS). �e former 
consists mainly of ganglia and their axons located outside the heart 
and the latter is composed mainly of ganglionated plexi and their 
axons, which are typically embedded in the epicardial fat pads [7]. As 
to human hearts, there are at least 7 GP and 4 major le� atrial GP are 
located around the antrum of the PVs [8]. In addition, most of intrinsic 
cardiac neurons in GPs were found to be cholinergic. 

Recently, Several lines of evidence suggested that autonomic 
remodeling plays an important role in the pathogenesis of AF, which 
mainly demonstrated as the hyperactivity of the cardiac autonomic 
nervous system (ANS) [6,9,10] and sympathetic hyperinnervation [11] 
and changes of several protein such as nerve growth factor (NGF), 
small conductance calcium-activated potassium channel type 2 (SK2), 
neurturin (NRTN) [12,13], to be speci�c, researchers found that both 
of extrinsic cardiac nerve activity (ECNA) and intrinsic cardiac nerve 
activity (ICNA) increased as AF continued. Moreover, in a canine 
model, researchers found that Stimulation of either the Aortic Root GP 
or anterior right ganglionated plexuses (GP) could trigger the initiation 
of AF [14,15]. On the contrary, several studies found that 1) destruction 

of epicardial fat pads by radiofrequency ablation or surgical excision 
[16,17], 2) blockade of autonomic nerve within GPs could induced a 
progressive increase in the AF threshold and prevented the initiation 
and maintenance of AF [18]. Taken together, these facts con�rmed that 
hyperactivity of the cardiac ANS and AF formed a vicious cycle and 
suppressed the activity of GPs could e�ective inhibit the inducibility 
of AF.

�e Expression of NGF within Gps Up-Regulated as AF 
Continued

NGF is one of the most extensively studied neurotrophic factors, 
which can be synthesized by several types of cells, including lymphocytes, 
�broblasts, macrophages and mast cells [19], and it is vital for the 
survival, di�erentiation, and synaptic activity of the sympathetic and 
sensory nervous systems [20,21]. �ere is considerable evidence that 
the expression of NGF became increasingly up-regulated throughout 
the progress of AF [12,13], high-frequency electrical �eld stimulation 
(HFES) of both parasympathetic [22] and sympatheticneurons in vitro 
to mimic rapid atrial depolarization further indicated that the cardiac 
autonomic neurons are an important source of NGF. Besides, abundant 
studies have shown that NGF plays an essential role in hyperalgesia 
and in�ammatory pain [23], which are mainly associated with Nav1.8 
channels [24] and TRPV1 receptors [25]. To be speci�c, acute exposure 
of NGF can enhance the activity of TRPV1 receptor within half an 
hour through phosphoinositide-3-kinase and mitogen activated 
protein kinase signaling pathways [26] and subsequently trigger the 

*Corresponding author: Shao-Wen Liu, Department of Cardiology, Shanghai 
General Hospital, School of Medicine, No. 100, Haining Road, Hongkou District, 
Shanghai 200080, China, Tel: +86-2163240090; Fax: +86-2163240090; E-mail: 
shaowenliu2@outlook.com

Received May 01, 2018; Accepted May 10, 2018; Published May 18, 2018

Citation: Cai LD, Liu SW (2018) Nerve Growth Factor Mediates the Vious Cycle 
between Hyperactivity of Ganglionated Plexus and Atrial Fibrillation. Clin Pharmacol 
Biopharm 7: 183. doi: 10.4172/2167-065X.1000183

Copyright: © 2018 Cai LD, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.



Citation: Cai LD, Liu SW (2018) Nerve Growth Factor Mediates the Vious Cycle between Hyperactivity of Ganglionated Plexus and Atrial Fibrillation. 
Clin Pharmacol Biopharm 7: 183. doi: 10.4172/2167-065X.1000183

https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1161/HCQ.0000000000000018
https://doi.org/10.1161/HCQ.0000000000000018
https://doi.org/10.1161/HCQ.0000000000000018
https://doi.org/10.1161/HCQ.0000000000000018
https://doi.org/10.1161/HCQ.0000000000000018
https://doi.org/10.1016/j.hrthm.2004.04.004
https://doi.org/10.1016/j.hrthm.2004.04.004


Citation: Cai LD, Liu SW (2018) Nerve Growth Factor Mediates the Vious Cycle between Hyperactivity of Ganglionated Plexus and Atrial Fibrillation. 
Clin Pharmacol Biopharm 7: 183. doi: 10.4172/2167-065X.1000183

Page 3 of 3

Volume 7 • Issue 2 • 1000183Clin Pharmacol Biopharm, an open access journal
ISSN: 2167-065X

4.	 Bosch RF, Zeng X, Grammer JB, Popovic K, Mewis C, et al. (1999) Ionic 
mechanisms of electrical remodeling in human atrial fibrillation. Cardiovasc 
Res 44: 121-131.

5.	 Tan TC, Koutsogeorgis ID, Grapsa J, Papadopoulos C, Katsivas A, et al. 
(2014) Left atrium and the imaging of atrial fibrosis: Catch it if you can! Eur J 
Clin Invest 44: 872-881.

6.	 Zhang L, Po SS, Wang H, Scherlag BJ, Li H, et al. (2015) Autonomic 
remodeling: How atrial fibrillation begets atrial fibrillation in the first 24 hours. J 
Cardiovasc Pharmacol 66: 307-315.

7.	 Hou Y, Scherlag BJ, Lin J, Zhou J, Song J, et al. (2007) Interactive atrial neural 
network: Determining the connections between ganglionated plexi. Heart 
Rhythm 4: 56-63.

8.	 Hoover DB, Isaacs ER, Jacques F, Hoard JL, Pagé P, et al. (2009) Localization 

https://doi.org/10.1016/s0008-6363(99)00178-9
https://doi.org/10.1016/s0008-6363(99)00178-9
https://doi.org/10.1016/s0008-6363(99)00178-9
https://doi.org/10.1111/eci.12305
https://doi.org/10.1111/eci.12305
https://doi.org/10.1111/eci.12305
https://doi.org/10.1097/FJC.0000000000000281
https://doi.org/10.1097/FJC.0000000000000281
https://doi.org/10.1097/FJC.0000000000000281
https://doi.org/10.1016/j.hrthm.2006.09.020
https://doi.org/10.1016/j.hrthm.2006.09.020
https://doi.org/10.1016/j.hrthm.2006.09.020
https://doi.org/10.1016/j.neuroscience.2009.09.001
https://doi.org/10.1016/j.neuroscience.2009.09.001
https://doi.org/10.1016/j.neuroscience.2009.09.001
https://doi.org/10.1161/CIRCULATIONAHA.108.776203
https://doi.org/10.1161/CIRCULATIONAHA.108.776203
https://doi.org/10.1161/CIRCULATIONAHA.108.776203
https://doi.org/10.1016/j.jelectrocard.2003.08.004
https://doi.org/10.1016/j.jelectrocard.2003.08.004
https://doi.org/10.1016/j.jelectrocard.2003.08.004
https://doi.org/10.1161/01.cir.103.1.22
https://doi.org/10.1161/01.cir.103.1.22
https://doi.org/10.1161/01.cir.103.1.22
https://doi.org/10.1016/j.hrthm.2015.08.018
https://doi.org/10.1016/j.hrthm.2015.08.018
https://doi.org/10.1016/j.hrthm.2015.08.018
https://doi.org/10.1097/FJC.0000000000000338
https://doi.org/10.1097/FJC.0000000000000338
https://doi.org/10.1097/FJC.0000000000000338
https://doi.org/10.1016/j.autneu.2012.02.001
https://doi.org/10.1016/j.autneu.2012.02.001
https://doi.org/10.1016/j.autneu.2012.02.001
https://doi.org/10.1016/j.jtcvs.2013.07.041
https://doi.org/10.1016/j.jtcvs.2013.07.041
https://doi.org/10.1016/j.jtcvs.2013.07.041
https://doi.org/10.1016/j.jacc.2007.02.066
https://doi.org/10.1016/j.jacc.2007.02.066
https://doi.org/10.1016/j.jacc.2007.02.066
https://doi.org/10.1016/j.jacc.2007.02.066
https://doi.org/10.1016/j.cpcardiol.2015.01.005
https://doi.org/10.1016/j.cpcardiol.2015.01.005
https://doi.org/10.1016/j.cpcardiol.2015.01.005
https://doi.org/10.1161/CIRCEP.108.784272
https://doi.org/10.1161/CIRCEP.108.784272
https://doi.org/10.1161/CIRCEP.108.784272
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1364247/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1364247/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1364247/
https://doi.org/10.1159/000178819
https://doi.org/10.1159/000178819
https://doi.org/10.1159/000178819
https://doi.org/10.1016/j.yjmcc.2010.01.019
https://doi.org/10.1016/j.yjmcc.2010.01.019
https://doi.org/10.1016/j.yjmcc.2010.01.019
https://doi.org/10.1161/CIRCRESAHA.110.234518
https://doi.org/10.1161/CIRCRESAHA.110.234518
https://doi.org/10.1161/CIRCRESAHA.110.234518
https://doi.org/10.1152/jn.2001.86.2.641
https://doi.org/10.1152/jn.2001.86.2.641
https://doi.org/10.1152/jn.2001.86.2.641
https://doi.org/10.1016/j.neuropharm.2003.09.018
https://doi.org/10.1016/j.neuropharm.2003.09.018
https://doi.org/10.1016/j.neuropharm.2003.09.018
https://doi.org/10.1016/j.neuropharm.2003.09.018
https://doi.org/10.1016/j.pain.2012.04.022
https://doi.org/10.1016/j.pain.2012.04.022
https://doi.org/10.1016/j.pain.2012.04.022
https://doi.org/10.1016/j.mcn.2007.01.005
https://doi.org/10.1016/j.mcn.2007.01.005
https://doi.org/10.1016/j.mcn.2007.01.005
https://doi.org/10.1186/1744-8069-5-33
https://doi.org/10.1186/1744-8069-5-33
https://doi.org/10.1186/1744-8069-5-33
https://doi.org/10.1152/jn.1998.79.5.2668
https://doi.org/10.1152/jn.1998.79.5.2668
https://doi.org/10.1152/jn.1998.79.5.2668
https://doi.org/10.1152/jn.1998.79.5.2668
https://doi.org/10.1536/ihj.52.146
https://doi.org/10.1536/ihj.52.146
https://doi.org/10.1536/ihj.52.146
http://circres.ahajournals.org/content/111/3/333.short
http://circres.ahajournals.org/content/111/3/333.short
http://circres.ahajournals.org/content/111/3/333.short
http://circres.ahajournals.org/content/111/3/333.short
http://jaha.ahajournals.org/content/5/11/e004050.short
http://jaha.ahajournals.org/content/5/11/e004050.short
http://jaha.ahajournals.org/content/5/11/e004050.short
https://doi.org/10.1093/cvr/cvu005
https://doi.org/10.1093/cvr/cvu005
https://doi.org/10.1038/39807
https://doi.org/10.1038/39807
https://doi.org/10.1038/39807
https://doi.org/10.1016/j.neulet.2011.11.055
https://doi.org/10.1016/j.neulet.2011.11.055
https://doi.org/10.1152/ajpheart.00169.2007
https://doi.org/10.1152/ajpheart.00169.2007
https://doi.org/10.1152/ajpheart.00169.2007
https://doi.org/10.1016/j.jdiacomp.2015.01.006
https://doi.org/10.1016/j.jdiacomp.2015.01.006
https://doi.org/10.1016/j.jdiacomp.2015.01.006
https://doi.org/10.1016/j.hrthm.2011.12.023
https://doi.org/10.1016/j.hrthm.2011.12.023
https://doi.org/10.1016/j.hrthm.2011.12.023
https://doi.org/10.1111/j.0022-202X.2003.12602.x
https://doi.org/10.1111/j.0022-202X.2003.12602.x
https://doi.org/10.1111/j.0022-202X.2003.12602.x
https://doi.org/10.1111/j.0022-202X.2003.12602.x
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1523/JNEUROSCI.3993-14.2015
https://doi.org/10.1523/JNEUROSCI.3993-14.2015
https://doi.org/10.1523/JNEUROSCI.3993-14.2015
https://doi.org/10.1152/ajpheart.00196.2013
https://doi.org/10.1152/ajpheart.00196.2013
https://doi.org/10.1152/ajpheart.00196.2013
https://doi.org/10.1152/ajpheart.00196.2013
https://doi.org/10.1093/cvr/cvu045
https://doi.org/10.1093/cvr/cvu045
https://doi.org/10.1016/j.jacc.2010.09.068
https://doi.org/10.1016/j.jacc.2010.09.068
https://doi.org/10.1152/ajpendo.00274.2003
https://doi.org/10.1152/ajpendo.00274.2003
https://doi.org/10.1152/ajpendo.00274.2003
https://doi.org/10.1152/ajpendo.00475.2004
https://doi.org/10.1152/ajpendo.00475.2004
https://doi.org/10.1152/ajpendo.00475.2004
https://doi.org/10.1152/ajpendo.00475.2004

	Title
	Corresponding author
	Abstract
	Keywords
	Short Communication 
	The Relationship between Atrial Neural Hyperactivity and AF Inducibility 
	The Expression of NGF within Gps Up-Regulated as AF Continued 
	Nav1.8 Channel, TRPV1 Receptor and SP are Co-Expressed in Cardiac Vagal Neurons within Gps 
	Hypothesis
	Evaluation and Discussion of the Hypothesis
	Underlying Clinical Perspective
	Conflict of Interest Statement
	Acknowledgements
	References

