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A trial fibrillation (AF) is the most common sustained
arrhythmia in adults and is associated with an increased

morbidity and mortality because of contributing to an increase
in the risk of stroke and heart failure. AF affects >30 million
individuals worldwide, and its management accounts for 1% of
the National Health Service budget in the United Kingdom1

and between $6 and $26 billion of annual healthcare spending
in the United States. AF has been reported to complicate 33%
of patients undergoing coronary artery bypass grafting,1 and
multiple studies have shown its association to infectious or
inflammatory disorders.2,3 AF is associated with mortality,
with an odds ratio of 1.5 and 1.9 in men and women,
respectively,4 and an estimated additional cost of �$6400 in
patients who developed AF after coronary artery bypass
grafting in the United States.1

Cells influence their microenvironment either through a
paracrine mechanism or direct cell-cell interaction that may
involve both adhesion-mediated communication and gap
junction–mediated homocellular and heterocellular communi-
cation. Proinflammatory (IL-1, IL-6, IL-7, IL-8, IL-12, IL-17, IL-18,
tumor necrosis factor-a, and interferon-c) and anti-inflamma-
tory (IL-4, IL-10, IL-13, interferon-a, and transforming growth
factor-ß) cytokines and chemokines provide molecular signals
for paracrine communication between cells, and play significant
roles in sustaining and regulating inflammatory reactions. The
paracrine interaction represents only a facet of the potential
mechanisms by which the 2 cell types influence each other’s

function. In fact, many signaling molecules are membrane
impermeable, are produced in low concentration, or may have a
short half-life. Hence, the direct transfer between 2 cells,
through gap junctions, represents an efficient conduit to deliver
such molecules to certain cells specifically. Gap junctions are
clusters of transmembranous channels composed of struc-
turally related proteins known as connexins, which mediate the
intercellular transfer of small molecules and ions between
adjacent cells: These include regulatory molecules up to 1 kDa,
cell metabolites, and second messengers, such as cyclic
nucleotides, inositol triphosphate, and calcium. The connexon,
also known as a connexin hemichannel, is an assembly of 6
proteins called connexins that form the pore for a gap junction
between the cytoplasm of 2 adjacent cells. Gap junctions are
ubiquitous in multicellular organisms, and they are an integral
part not only of solid tissues but also of the lymphoreticular
system, secondary lymphoid organs, and peripheral blood
mononuclear cells. Connexins 40 and 43 are expressed in the
atria and contribute to atrial conduction velocity and refrac-
toriness heterogeneity, which are determinants of reentry
mechanisms maintaining AF.

The increased transient risk of AF during infection/inflam-
mation can be explained by structural atrial remodeling
attributable to myocardial injury and fibrosis or by electrical
remodeling attributable to direct effects of cytokines on atrial
ion channels (inflammatory channelopathy). In this issue of the
Journal of the American Heart Association (JAHA), Lazzerini
et al5 studied the association between patients with systemic
inflammation and atrial electrical remodeling by assessing
electrophysiological parameters and circulating gap junction
proteins (connexins 40 and 43) from peripheral blood
mononuclear cells. Although the working hypothesis is not
novel, the cohort used and the study findings shed the light on
the downregulation of cardiac connexins 43 and 40 by IL-6.
The authors establish the importance of P-wave indexes
(including P-wave duration, P-wave dispersion, and P-wave SD
[P-wave index]) as markers of atrial electrical remodeling that
transiently change during various inflammatory conditions,
thus putting the patients at risk of developing AF; and these P-
wave indexes return to normal when the inflammation
resolves. Lazzerini et al5 also found a positive correlation

The opinions expressed in this article are not necessarily those of the editors
or of the American Heart Association.

From the Division of Cardiology, Department of Internal Medicine, American
University of Beirut Medical Center, Beirut, Lebanon.

Correspondence to: Marwan M. Refaat, MD, Department of Internal
Medicine, Cardiovascular Medicine/Cardiac Electrophysiology, Department
of Biochemistry and Molecular Genetics, American University of Beirut Faculty
of Medicine and Medical Center, PO Box 11-0236, Riad El-Solh 1107 2020-
Beirut, Lebanon. E-mail: mr48@aub.edu.lb

J Am Heart Assoc. 2019;8:e013638. DOI: 10.1161/JAHA.119.013638.

ª 2019 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribu-
tion and reproduction in any medium, provided the original work is properly
cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.119.013638 Journal of the American Heart Association 1

EDITORIAL

mailto:
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


between CRP (C-reactive protein) and these P-wave indexes
during systemic inflammation, allowing use of CRP as a marker
of AF risk. This is supported by a previous study that
demonstrated that high-sensitivity CRP and P-wave dispersion
indexes are independent predictors of AF.6 The authors
investigated various proinflammatory cytokines’ (tumor necro-
sis factor-a, IL-1, and IL-6) and the anti-inflammatory
cytokine’s (IL-10) relationship with P-wave indexes. IL-6 was
associated with the P-wave indexes that were transiently
elevated during inflammation and then the P-wave indexes
normalized as soon as inflammation was controlled. The
authors showed a positive correlation of mRNA expression of
connexins 40 and 43 in atrial tissue with mRNA expression of
connexins 40 and 43 in peripheral blood mononuclear cells.
After showing that connexin 43 expression does change during
inflammatory states, Lazzerini et al5 showed the negative
association of IL-6 with connexin 43, with this association
becoming stronger in patients who experienced a greater
change in P-wave indexes (high-P D group with reduction of P-
wave dispersion and/or P-wave SD values >25% from active
disease [PRE] after therapeutic interventions resulting in a CRP
decrease >75% compared with the baseline [POST]). Lazzerini
et al5 showed a causal downregulation of connexin 40 and 43
expression by IL-6: IL-6 supplementation induced reduction of
connexin expression in mouse atrial myocytes, and the
addition of an IL-6 antibody reversed it.5

The article had few limitations, which included a lack of 1:1
matched controls (only 25 controls were included). It would
have been of interest checking the effect of IL-1 and tumor
necrosis factor-a stimulation in HL-1 (mouse atrial cardiomy-
ocyte) cells to correlate the results with the in vivo part of the
study. A more specific experiment is recommended in the
future, where HL-1 cells are stimulated with serum collected
from peripheral blood mononuclear cells of patients having
systemic inflammation and from control subjects.

The findings from this study add to our understanding of the
underlying mechanisms of atrial electrical remodeling during
systemic inflammation besides the previously stabled “inflam-
matory channelopathy” as a cause ultimately leading to AF.3

Previous studies investigated nonselective interventions (dex-
amethasone7 and ISIS-CRP8) on AF and have documented the
role of anti-inflammatory agents, such as colchicine9 and
methylprednisolone,10 as well as the role of agents typically
used to treat or prevent cardiovascular disease, such as
metoprolol11 and atorvastatin,12 in reducing inflammatory
markers and in reducing AF burden. Multiple studies have
linked CRP to developing AF for the first time,13,14 its
recurrence,10,15–17 and even developing permanent AF,10 with
the level of CRP correlating with the AF burden.18 CRP has also
been linked to developing AF postoperatively.19,20 In addition,
IL-6 was linked to recurrence17 as well as developing AF
postoperatively.20 Lower IL-6 and CRP levels have been

associated with sinus rhythm maintenance after pharmaco-
logic cardioversion,21 in addition to their role in cardiovas-
cular morbidity and mortality, independent of cardiac, renal,
and clinical risk factors.22 Further research in the IL-6
pathway may have clinical implications in AF management in
the future, with studies comparing targeted interventions with
previously studied nonselective interventions.

Disclosures
None.

References
1. Bajpai A, Savelieva I, Camm A. Epidemiology and economic burden of atrial

fibrillation. US Cardiol Dis. 2007;4:14–17.

2. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P,
Kronmal RA, Tracy RP, Van Wagoner DR, Psaty BM, Lauer MS, Chung MK.
Inflammation as a risk factor for atrial fibrillation. Circulation. 2003;108:3006–
3010.

3. Hu YF, Chen YJ, Lin YJ, Chen SA. Inflammation and the pathogenesis of atrial
fibrillation. Nat Rev Cardiol. 2015;12:230–243.

4. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact
of atrial fibrillation on the risk of death: the Framingham Heart Study.
Circulation. 1998;98:946–952.

5. Lazzerini P-E, Laghi-Pasini F, Acampa M, Srivastava U, Bertolozzi I, Giabbani B,
Finizola F, Vanni F, Dokollari A, Natale M, Cevenini G, Selvi E, Migliacci N,
Maccherini M, Boutjdir M, Capecchi PL. Systemic inflammation rapidly induces
reversible atrial electrical remodelling: the role of IL6-mediated changes in
connexins expression. J Am Heart Assoc. 2019;8:e011006. DOI: 10.1161/
JAHA.118.011006.

6. Zheng LH, Yao Y, Wu LM, Zhang KJ, Zhang S. Relationships of high-sensitive C-
reactive protein and P-wave dispersion in lone atrial fibrillation. Chin Med J
(Engl). 2015;128:1450–1454.

7. Yared JP, Bakri MH, Erzurum SC, Moravec CS, Laskowski DM, Van Wagoner
DR, Mascha E, Thornton J. Effect of dexamethasone on atrial fibrillation after
cardiac surgery: prospective, randomized, double-blind, placebo-controlled
trial. J Cardiothorac Vasc Anesth. 2007;21:68–75.

8. Sugihara C, Freemantle N, Hughes SG, Furniss S, Sulke N. The effect of C-
reactive protein reduction with a highly specific antisense oligonucleotide on
atrial fibrillation assessed using beat-to-beat pacemaker Holter follow-up. J
Interv Card Electrophysiol. 2015;43:91–98.

9. Deftereos S, Giannopoulos G, Kossyvakis C, Efremidis M, Panagopoulou V,
Kaoukis A, Raisakis K, Bouras G, Angelidis C, Theodorakis A, Driva M,
Doudoumis K, Pyrgakis V, Stefanadis C. Colchicine for prevention of early atrial
fibrillation recurrence after pulmonary vein isolation: a randomized controlled
study. J Am Coll Cardiol. 2012;60:1790–1796.

10. Dernellis J, Panaretou M. Relationship between C-reactive protein concentra-
tions during glucocorticoid therapy and recurrent atrial fibrillation. Eur Heart J.
2004;25:1100–1107.

11. Pan J, Wang W, Wu X, Kong F, Pan J, Lin J, Zhang M. Inflammatory cytokines in
cardiac pacing patients with atrial fibrillation and asymptomatic atrial
fibrillation. Panminerva Med. 2018;60:86–91.

12. Dernellis J, Panaretou M. Effect of C-reactive protein reduction on paroxysmal
atrial fibrillation. Am Heart J. 2005;150:1064.e7–1064.e12.

13. Karatas MB, C�anga Y, Ipek G, €Ozcan KS, G€ung€or �Y, Durmu G, Onuk T, €Oz A,
Simek B, Bolca O. Association of admission serum laboratory parameters with
new-onset atrial fibrillation after a primary percutaneous coronary interven-
tion. Coron Artery Dis. 2016;27:128–134.

14. Pe~na JM, MacFadyen J, Glynn RJ, Ridker PM. High-sensitivity C-reactive
protein, statin therapy, and risks of atrial fibrillation: an exploratory analysis of
the JUPITER trial. Eur Heart J. 2012;33:531–537.

15. Lombardi F, Tundo F, Belletti S, Mantero A, Melzi D’Eril GV. C-reactive protein
but not atrial dysfunction predicts recurrences of atrial fibrillation after
cardioversion in patients with preserved left ventricular function. J Cardiovasc
Med. 2008;9:581–588.

16. H€oglund N, Andersson J, Almroth H, Tornvall P, Englund A, Rosenqvist M,
Jensen SM, Boman K. The predictive value of C-reactive protein on recurrence
of atrial fibrillation after cardioversion with or without treatment with
atorvastatin. Int J Cardiol. 2013;167:2088–2091.

DOI: 10.1161/JAHA.119.013638 Journal of the American Heart Association 2

IL-6 Downregulates Connexins 43 and 40 Jalloul and Refaat
E
D
IT

O
R
IA

L

https://doi.org/10.1161/JAHA.118.011006
https://doi.org/10.1161/JAHA.118.011006


17. Masson S, Aleksova A, Favero C, Staszewsky L, Bernardinangeli M, Belvito
C, Cioffi G, Sinagra G, Mazzone C, Bertocchi F, Vago T, Peri G, Cuccovillo I,
Masuda N, Barlera S, Mantovani A, Maggioni AP, Franzosi MG, Disertori M,
Latini R. Predicting atrial fibrillation recurrence with circulating
inflammatory markers in patients in sinus rhythm at high risk for atrial
fibrillation: data from the GISSI atrial fibrillation trial. Heart. 2010;96:1909–
1914.

18. Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA, Bauer
JA, Tchou PJ, Niebauer MJ, Natale A, Van Wagoner DR. C-reactive protein
elevation in patients with atrial arrhythmias: inflammatory mechanisms and
persistence of atrial fibrillation. Circulation. 2001;104:2886–2891.

19. Li T, Sun ZL, Xie QY. Meta-analysis identifies serum C-reactive protein as an
indicator of atrial fibrillation risk after coronary artery bypass graft. Am J Ther.
2016;23:e1586–e1596.

20. Ucar HI, Tok M, Atalar E, Dogan OF, Oc M, Farsak B, Guvener M, Yilmaz M,
Dogan R, Demircin M, Pasaoglu I. Predictive significance of plasma levels

of IL-6 and high-sensitivity C-reactive protein in atrial fibrillation after
coronary artery bypass surgery. Heart Surg Forum. 2007;10:E131–E135.

21. Fujiki A, Sakamoto T, Nishida K, Mizumaki K, Inoue H. Relation of IL-6 and C-
reactive protein levels to sinus maintenance after pharmacological cardiover-
sion in persistent atrial fibrillation. J Cardiovasc Pharmacol. 2007;50:264–266.

22. Aulin J, Siegbahn A, Hijazi Z, Ezekowitz MD, Andersson U, Connolly SJ, Huber
K, Reilly PA, Wallentin L, Oldgren J. Interleukin-6 and C-reactive protein and
risk for death and cardiovascular events in patients with atrial fibrillation. Am
Heart J. 2015;170:1151–1160.

Key Words: Editorials • arrhythmias • atrial fibrillation • cardi-
ovascular diseases • gap junction • heart diseases •
inflammation

DOI: 10.1161/JAHA.119.013638 Journal of the American Heart Association 3

IL-6 Downregulates Connexins 43 and 40 Jalloul and Refaat
E
D
IT

O
R
IA

L


