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This editorial refers to ‘Desmoglein-2 interaction is crucial for
cardiomyocyte cohesion and function’ by A. Schlipp et al.,
pp. 245–257, this issue.

Cardiac myocytes are mechanically coupled at intercalated disks by adhe-
rens junctions, desmosomes, andmixedcompositesof these two junction
types.1,2 In addition toaffording vital mechanical stability to a strongly con-
tractile tissue, these junctions have also been demonstrated to stabilize
closely apposed membranes of adjacent cells so as to facilitate electrical
coupling via gap junctions.3 Therefore, it is scarcely surprising that muta-
tions in various mechanical junction proteins have been associated with
electrical abnormalities in pathologies such as arrhythmogenic cardiomy-
opathy.4 Given the array of mechanical junction proteins expressed by
cardiac myocytes, there is a critical need to understand the specific role
of each. In this context, Schlipp et al.5 offer some intriguing results delin-
eating the function of desmoglein-2 in mediating cell–cell interactions in
HL-1 cells and demonstrate in intact heart preparations some of the
consequences of selectively targeting desmoglein function.

A key innovation of the study is the useof peptides to target desmoglein
function: one peptide (termed single) that competitively inhibits homophi-
lic interactions between the extracellular Ig domain of desmogleins and
the other a dimeric concatenate (termed tandem) of the single peptide,
ingeniously designed to promote homophilic trans-interaction between
desmoglein molecules, thereby promoting adhesion. These loss- and
gain-of-functionstrategies for selectively targetingdesmoglein interactions
were reported not to affect N-cadherin-mediated intercellular adhesion.

The current study,5 along with the authors’ previous work using
similar single and tandem peptides targeting desmoglein-3, suggests
the use of this strategy to selectively inhibit and enhance other adhesive
cell–cell interactions. In addition, these peptides could be applied in dif-
ferent experimental systems, such as HL-1 cells and primary cardiomyo-
cyte cultures, and used in conjunction with a variety of experimental
techniques to interrogate both the structural and functional conse-
quences of such perturbations.

Interestingly, treatment of whole perfused hearts with tryptophan (a
treatment also reported to inhibit desmoglein trans-interaction) was

shown to disrupt intercalated disks, lateralize Cx43, and cause an ineffi-
cient contractile response to adrenergic challenge. However, given the
complex shape of myocytes, which may feature more than one interca-
lated disk, it perhaps remains to be definitively confirmed whether the
‘double lines’ observed by the authors in immunostained myocardial
sections represent the splitting apart of intercalated disks. Previous
studies have also demonstrated a close spatial association between b1
adrenergic receptors and t-tubule-localized L-type Ca2+ channels.6,7

Therefore, the mechanism by which inhibition of desmoglein interaction
might affect b-adrenergic response is not fully clear. These findings
underscore the need for ongoing investigations in primary cardiac myo-
cytes and intact myocardium of the specific roles of desmoglein-2 and
other mechanical junction proteins.

The authors also report novel methods that could potentially be gen-
eralized to the study of other adhesion molecules and applied beyond
the context of assessing their role in cell cohesion. To assay cell cohe-
sion, the authors use a liberase-based dissociation assay, similar to the
‘dispase assay’ previously applied to neonatal rat ventricular myocytes8

and other cellular monolayers.9,10 Utilizing this assay, Ca2+ depletion,
desmoglein-2 knockdown, the desmoglein-specific single peptide, and
desmoglein-2 mutations associated with arrhythmogenic cardiomyop-
athy were found to reduce cell-to-cell cohesion, whereas cohesiveness
was strengthened by desmoglein-2 overexpression.

The ability to selectivelymodulate adhesionof specificcomponentsof
the intercalated disk and interrogate the functional consequences
thereof is of particular significance given the array of in silico studies sug-
gesting a major role for intermembrane spacing in modulating cardiac
electrical activity.11– 14 The main thrust of these studies has been the
hypothesis that electrical coupling between myocytes may occur
through the interstitial space via so-called ephaptic mechanisms
without recourse to gap junctions. The ephaptic coupling hypothesis
envisions electrical activation being propagated from cell-to-cell by
means of localized, transient changes in extracellular potential within
the intercalated disk, secondary to transient accumulation or depletion
of ions from the disk.15,16 Key to this phenomenon is the generation of
narrow interstitial clefts between sodium channel-rich membranes,
which are electrochemically isolated from the bulk interstitium by
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virtue of both a tortuous path for diffusion and reduced diffusivity. One
such structure identified within the intercalated disk is the perinexus, a
sodium channel-rich microdomain surrounding gap junctions.17,18 The
adhesion molecules of junctional complexes, including those comprising
desmosomes suchas desmoglein-2, emerge as potential determinantsof
ephaptic coupling given their potential for modulating the width of the
interstitial cleft and the degree of diffusion restriction within the interca-
lated disk. The methodology developed by the authors to selectively
modulate intercellular adhesion could thus serve as a critical tool to
test the ephaptic coupling hypothesis and to investigate its structural
determinants.

In summary, the work by Schlipp et al.5 uses innovative methodology
with potential applications in important future research to demonstrate
a key role for desmoglein-2 in mediating cellular adhesion in a cardiac
myocyte-derived cell line. Future work will be required to delineate
the contributions of other junctional proteins and to extend these
findings to primary cell cultures and intact myocardial tissues.
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