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EDITORIAL COMMENT

Connexin-45 as a New Gene
Underlying Syndromic AV Block*
Patrick T. Ellinor, MD, PHD, Heather S. Jameson, PHD

G

ap junction channels are formed by con-

block and ultimately atrial standstill with normal

nexin (Cx) proteins and directly connect

ventricular conduction. They also exhibited similar

the cytoplasm of neighboring cells to facili-

extracardiac craniofacial, ﬁnger, and dental malfor-

tate impulse propagation. Three main connexins are

mations. Through whole exome and targeted exon

expressed in the heart: Cx43, the most common iso-

sequencing, the affected individuals were found to

form, is expressed in ventricular and atrial myocar-

share a common mutation in the third exon of gap

dium; Cx40 is present in the atrioventricular node,

junction C1 (p.R75H), the gene encoding Cx45.

His-Purkinje system, and atrial myocytes; and Cx45

The R75H-Cx45 mutation was characterized in

is localized to the sinoatrial node, atrioventricular

detail and was found to have no effect on connexin

node, and His-Purkinje system, but has also been

subcellular localization, or gap junction plaque for-

shown to be expressed in atrial and ventricular myo-

mation. However, the mutation was found to inhibit

cytes (1). Gap junctions in the cardiac conduction

transfer of Lucifer yellow dye between adjacent cells,

system, made up of the sinoatrial node, the atrioven-

and to markedly reduce macroscopic conductance

tricular node, and the His-Purkinje system (1), allow

in heteromeric

for uniﬁed cardiac contraction.

compared with wild type channels. The authors then

In adults, abnormalities in cardiac conduction,

or

homomeric mutant channels

examined the effects of knocking out Cx45 in the heart

such as sinoatrial or atrioventricular nodal dysfunc-

by using an inducible, cardiac-speciﬁc mouse Cx45

tion, are most commonly associated with aging. In

knockout (Gjc1-CKO). Interestingly, the loss of Cx45 in

contrast, most cases of congenital heart block are due

mice was unable to recapitulate the atrioventricular

to neonatal lupus (2), congenital heart disease (3), or

block and atrial standstill observed in humans.

more rarely, attributed to a range of primary genetic

Instead, the major ﬁnding in the Gjc1-CKO mice was a

syndromes (4).

prolongation in the sinus node recovery time.
SEE PAGE 358

The strengths of the current study include the
identiﬁcation of the same mutation in multiple, in-

In this issue of the Journal, Seki et al. (5) report a

dependent families with a similar phenotype and the

novel inherited syndromic bradyarrhythmia in 2 un-

detailed characterization of the mutant protein. As

related families: an isolated case in a boy of European

with any study, there are a number of potential limi-

ancestry and a 3-generation Japanese family with

tations to consider. First, in addition to the R75H Cx45

autosomal dominant inheritance. The affected in-

mutation, there were other variants identiﬁed in each

dividuals presented with progressive atrioventricular

of the affected families that may contribute to the
phenotype or modify the disease course. Second, it
would have been interesting to see if the extracardiac
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manifestations observed in the individuals with the

reﬂect the views of the authors and do not necessarily represent the

R75H Cx45 mutation could be recapitulated in mice.

views of JACC or the American College of Cardiology.

Finally, it would have been helpful to directly

From the Cardiovascular Research Center, Massachusetts General Hos-

demonstrate Cx45 knockout in the Gjc1-CKO mice.

pital, Boston, Massachusetts. Dr. Ellinor is the principal investigator on a

Prior studies have demonstrated that homozygous,

grant from Bayer to the Broad Institute related to genetics and therapeutics of atrial ﬁbrillation. Dr. Jameson has reported that she has no
relationships relevant to the contents of this paper to disclose.

cardiac-speciﬁc Cx45 knockout results in embryonic
lethality due to heart failure with conduction block
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(6), whereas heterozygous Cx45 knockout results with

bradyarrhythmias

atrioventricular septal defects, and slowed atrioven-

Although this variant has provided a unique mech-

tricular conduction (7). Further, other investigators

anism for the role of Cx45 in atrial conduction,

have found that a conditional knockout of Cx45 in

mutations in this gene are likely to remain a

adult mice causes impaired atrioventricular nodal

rare

function (8), which is more in keeping with the

dysfunction.

cause

of

observed

atrial

or

in

these

families.

atrioventricular

nodal

phenotype observed in the current families.
Despite the differences observed in mice, the

ADDRESS FOR CORRESPONDENCE: Dr. Patrick T.

genetics, protein biochemistry, and cellular elec-

Ellinor, Cardiovascular Research Center, Massachusetts

trophysiology combine to elegantly implicate the

General

R75H Cx45 mutation as the basis for the syndromic

Massachusetts 02114. E-mail: ellinor@mgh.harvard.edu.

Hospital,

185

Cambridge

Street,

Boston,

REFERENCES
1. Baruteau AE, Probst V, Abriel H. Inherited progressive cardiac conduction disorders. Curr Opin
Cardiol 2015;30:33–9.
2. Pisoni CN, Brucato A, Ruffatti A, et al. Failure of
intravenous immunoglobulin to prevent congenital
heart block: ﬁndings of a multicenter, prospective,
observational study. Arthritis Rheum 2010;62:1147–52.
3. Carlson SK, Patel AR, Chang PM. Bradyarrhythmias in congenital heart disease. Card Electrophysiol Clin 2017;9:177–87.
4. Bruneau BG. The developmental genetics of
congenital heart disease. Nature 2008;451:943–8.

5. Seki A, Ishikawa T, Daumy X, et al. Progressive
atrial conduction defects associated with bone
malformation caused by a connexin-45 mutation.
J Am Coll Cardiol 2017;70:358–70.

abnormalities in mice homozygously deﬁcient
for connexin40 and heterozygously deﬁcient
for connexin45. J Mol Cell Cardiol 2006;41:
787–97.

6. Nishii K, Kumai M, Egashira K, et al. Mice lacking
connexin45 conditionally in cardiac myocytes
display embryonic lethality similar to that of
germline knockout mice without endocardial
cushion defect. Cell Commun Adhes 2003;10:
365–9.

8. Frank M, Wirth A, Andrié RP, et al. Connexin45
provides optimal atrioventricular nodal conduction
in the adult mouse heart: novelty and signiﬁcance.

7. Krüger O, Maxeiner S, Kim JS, et al.
Cardiac morphogenetic defects and conduction

KEY WORDS AV block, bradycardia, connexin,

Circ Res 2012;111:1528–38.

mutation

