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all areas?: a new cadherin-
like protein upregulated in the 
inflamed esophagus
DA Knight1–4 and PM Hansbro1,2

Like all epithelial tissues, the intestinal 
epithelium functions as a physical bar-
rier and forms the front line of mucosal 
immunity. This multitasking ability is 
enabled by the structural organization 
of the epithelium. In the gastrointesti-
nal tract, the correct functioning of the 
intestinal epithelial barrier (IEB) is cru-
cial to ensure gastrointestinal health.1 
Breaches of the IEB are associated with 
a myriad of diseases, including ulcera-
tive colitis, Crohn’s disease (CD), eosin-
ophilic gastritis (EG), and eosinophilic 
esophagitis (EoE).2

The integrity of the IEB is maintained 
by the multiple epithelial junctional com-
plexes that tether epithelial cells to one 
another and to the underlying extracel-
lular matrix3 (Figure 1). Basal cells attach 
to the basal lamina via hemidesmosomes, 
whereas cell–cell contacts called des-
mosomes provide structural attachments 
between basal cells and columnar cells. 
Gap junctions provide direct accessibil-
ity as portholes between adjacent cells, 
whereas tight junctions regulate para-
cellular permeability and the passage 
of solutes and ions between cells. Tight 
junctions form the apical-most complex 
and are made up of transmembrane pro-
teins such as the junctional adhesion mol-
ecules, occludins, and claudins, which 
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anchor to the cytoskeleton via zonula 
occludens (ZO)1-3 and cingulin. Adhe-
rens junctions (AJs), together with des-
mosomes, provide the necessary adhesive 
forces to maintain correct cell–cell inter-
actions. The transmembrane component 
of AJs, epithelial cadherin (E-cadherin; 
CDH1), is also an important modulator 
of cell signaling through its interactions 
with cytoplasmic binding partners, a- 
and β-catenins, as well as several growth 
factor receptors.

In contrast to the role of tight junc-
tions in epithelial structure and function, 
much remains to be discovered about AJ 
structure and function in the normal 
gut, and how they contribute to homeo-
stasis of the IEB. In the September 2017 
issue of Mucosal Immunology, Caldwell 
and colleagues4 described the structure, 
function, and binding partners of a novel 
cadherin-like protein, called CDH26, on 
gastric and esophageal epithelial cells of 
patients with EG and EoE. The authors 
showed that CDH26 shares overlapping 
structure and functions with other epi-
thelial cadherins, comprising five extra-
cellular cadherin repeats in the putative 
extracellular portion of the protein, a 
predicted transmembrane domain, a 
C-terminal cytoplasmic region, and 
strong binding to the classic alpha- and 

beta-catenins as well as p120 catenin. 
Ligation of CDH26 also induces calcium-
dependent cell–cell adhesion. 

Inflammation of and damage to the 
mucosal epithelium is associated with 
significant disruption of interepithelial 
junctions and increased epithelial perme-
ability. In other mucosal epithelia, such 
as the airways of asthmatics, expression 
of adhesion proteins is reduced, and this 
is compounded following exposure to 
noxious agents.5,6 One of the most novel 
findings of Caldwell and colleagues’ 
study was that in both EG and EoE, the 
vast majority of CDH26 expression was 
observed on inflamed epithelial cells. In 
contrast, no significant change in CDH26 
expression was seen in patients with Hel-
icobacter pylori gastritis compared with 
controls, suggesting that the upregulation 
is confined to allergic inflammation. This 
would make CDH26 unique, as the only 
cadherin family member whose expres-
sion is significantly increased in mucosal 
tissue in allergic inflammation.

Like all good studies, this one raises 
more questions. What are the underly-
ing mechanism(s) that regulate CDH26 
expression? How early in disease progres-
sion does the increased expression occur? 
Why would an adhesion molecule that is 
virtually absent in noninflamed condi-
tions be so dramatically upregulated in 
allergic inflammation? The answer to the 
last question may be related to earlier 
findings that CDH1 binds to the integ-
rin αEβ7 (CD103) on lymphocytes and 
regulates the activation and localization 
of epidermal and intestinal intraepithelial 
lymphocytes.7 Caldwell and colleagues 
found that CDH26 interacts with not 
only integrin α4 but also αE and as such 
might function like CDH1 to regulate 
localization or activation of leukocytes 
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during allergic responses.4 While CDH26 
might be involved in promoting disease, 
the authors speculate that upregulation of 
CDH26 could, alternatively, be part of the 
resolution phase, promoting the return of 
epithelial homeostasis. They suggest that 
CDH26 activation may inhibit particu-
lar subsets of CD4+ T cells, for exam-
ple, regulatory T cells, which are known 
to be increased in EoE or more select 
CD4+ T-cell subsets. This is an interest-
ing hypothesis, particularly in light of the 
recent findings by Lamb and colleagues8 
describing a population of colonic proin-
flammatory CD4+αEβ7+ T cells that are 
enriched for a T-helper 17 (Th17) profile 
and play a role in the pathobiology of 
ulcerative colitis. It would be interesting 
to determine whether CDH26 recruits 
or suppresses activation of these cells 
in the esophagus. Thus, depending on 
the subset of T cells inhibited, the mol-
ecule could serve to either dampen or 
accelerate Th2-associated inflammatory 
responses. This would be a crucial next 
piece to the puzzle.

activation or inhibition affects other pro-
healing properties of this molecule.

The epithelium is continually exposed 
to environmental factors that induce 
stress and, through coordinated innate 
immune, barrier, and wound-healing 
functions, normally copes with these 
stressors appropriately. Given that 
mucosal healing is associated with 
improved patient outcomes,10 a much 
more comprehensive understand-
ing of IEB function and dysfunction 
will undoubtedly provide key data for 
improving both the clinical management 
of patients and identification and design 
of novel therapies.
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Figure 1  (a) Adherens junctions are composed of several proteins (E-cad, E-cadherin; β-cat, 
β-catenin; p120, p120 catenin) that attach to the actin cytoskeleton (yellow). (b) Tight junctions 
include proteins such as occludin (Occ), claudin (Clau), and junctional adhesion molecule 1 
(JAM-1) held together by the scaffold zonula occludens-1 (ZO-1), which is tethered to the actin 
cytoskeleton (yellow). (c) Desmosomes attach neighboring cells via adhesion plaques (Adh plaque) 
composed of cadherins (Cadh), desmoplakin, and desmoglein tethered to the intermediate filament 
cytokeratins. (d) Gap junctions are made of connexins (Conn) that allow solute transport directly 
between cells. (e) Hemidesmosomes attach basal cells to the basement membrane using α6β4 
integrins, which attach intracellular cytokeratin filaments to extracellular laminin.

How, then, does the study by Caldwell 
et al. fit in with the current knowledge 
of strategies to improve gastrointestinal 
mucosal wound healing? The authors had 
previously reported that CDH26 mRNA 
was only minimally reduced by glucocor-
ticoid treatment in esophageal biopsies 
of EoE patients and that expression still 
remained significantly higher than that 
in control subjects.9 While uncovering 
the roles of CDH26, Caldwell and col-
leagues obtained evidence that the protein 
can be exploited to generate a potential 
therapeutic. Specifically, they generated a 
fusion protein of CDH26-Fc (and CDH1-
Fc) and showed that it dose-dependently 
inhibited the increase in CD25+ cells and 
interleukin-2 in cells subjected to T-cell-
receptor stimulation. Based on this evi-
dence, the authors suggest that CDH26 is 
immunosuppressive, at least in vitro. Thus, 
targeting AJs to facilitate IEB function 
would be an attractive treatment concept, 
particularly in patients who are refractory 
to conventional therapy. It would also be 
of significant interest to examine whether 
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