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The broad spectrum of interepithelial junc-
tions in skin and lung

To the Editor:
Asthma and atopic dermatitis represent the biggest group of

chronic noncontagious diseases in children and adults with the
largest burden on health care costs. The better understanding of
the molecular mechanisms has opened a way for the development
of many novel treatment modalities.1,2 Two recent articles pub-
lished in the Journal of Allergy and Clinical Immunology demon-
strated the disruption of epithelial barrier function of
keratinocytes in the skin of patients with atopic dermatitis and
bronchial epithelial cells in the lungs of asthmatic patients.3,4

These studies suggest that tissue integrity is disturbed in patients,
and allergens, bacterial toxins, and other particles are able to pen-
etrate the epidermis and the lung epithelium, where they may ac-
tivate the immune system leading to severe chronic inflammation
in both diseases. Therefore, paracellular sealing of keratinocytes
and bronchial epithelial cells appears to be very important to pre-
vent the infiltration of the dermis and submucosa by factors that
induce allergic inflammation.
There are several types of cell-cell adhesion and sealing

complexes in between epithelial cells: tight junctions (TJs),
adherens junctions, gap junctions, and desmosomes (Fig 1, A).
Main contributors to the barrier function of epithelia are TJs.
These form the most apical cell-cell adhesion complexes regulat-
ing the paracellular flux of water and ions as well as of larger com-
pounds.5 They are able to regulate the apical-basolateral

FIG 1. SR asthmatic patients have a lower frequency of Foxp31 Treg cells than do SS asthmatic patients,

and serum 25(OH)D concentration correlates positively with Foxp31 Treg cells in the peripheral blood. A,

Representative dot plots demonstrating the gating strategy to define Treg cells. Values represent % of gated

live CD41CD31 lymphocyte population. B, Frequency of Foxp31 Treg cells in SS and SR asthmatic patients.

Data shown asmean, 5%-95% CI, assessed by t test. C, Correlation of Foxp31 Treg cells with serum 25(OH)D

in all the patients with moderate to severe asthma. Assessed by Pearson correlation test.
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differentiation of epithelial cells. TJs are composed of the
claudin family, junctional adhesion molecules, marvel family
members, and adaptor proteins (Fig 1, B). In humans, the claudin
family has 24 members; however, claudin-13 is not expressed at
all.6

In the study by Xiao et al,4 the circumferential band of TJs was
shown to be disrupted in asthma biopsies and in bronchoepithelial
cell cultures. Although the authors did not find any differences in
themRNA level, the protein expression of zonula occludens-1was
significantly reduced and occludin showed a trend of downregula-
tion in bronchoepithelial cell cultures.4 Bronchial epithelial cells
from asthmatic patients cultured on air-liquid interfaces showed a
decreased transepithelial resistance than did cells from healthy in-
dividuals, indicating a reduced barrier function in asthma. This de-
fective barrier function in asthma could be restored by epithelial
growth factor.4 Cell cultures exposed to cigarette smoke extracts
exert an impaired barrier function that can be restored by the ad-
dition of epithelial growth factor.4 In the study by De Benedetto
et al,3 the expression of claudin-1 and claudin-23 was reduced
in nonlesional atopic dermatitis skin. Silencing of claudin-1 led
to a reduction in transepithelial resistance. This study suggests
that the reduced expression of claudin-1 in atopic dermatitis epi-
dermis is an important factor of an impaired barrier function.3

Here, we hypothesize that the whole picture of interepithelial
junction molecule expression could be more complicated than
suggested before.

To perform fully detailed analyses of interepithelial junction
expression, we developed a low-density array microfluidic card
(Applied Biosystems, Carlsbad, Calif) containing all known
junctional and associated proteins that are expressed in the
epidermis and epithelia. In addition to TJ proteins, desmosomes,
gap junctions, and adherens junction genes were included in the
analysis (see the Methods section in this article’s Online Reposi-
tory at www.jacionline.org). We analyzed lung and skin biopsies,
primary keratinocytes, and normal human bronchial epithelial
cells either grown as monolayers or in air-liquid interphase
(ALI) cultures7 for the expression of junctional proteins (see the
Methods section).
In skin and lung tissue and primary isolated keratinocyte and

normal human bronchial epithelial cells, there are commonly
expressed junctional proteins, such as claudin-1, claudin-4,
claudin-12, and claudin-25, which is also known as claudin
domain containing 1.8 It also appears that there are several differ-
ently expressed junctional and adaptor proteins between the skin
and lung. In lung tissue, claudin-18 (P 5 .02) and JAM-C (P 5
.03) are uniquely present (Fig 2, A). In comparison, skin tissue
uniquely expressed claudin-8 (P 5 .05) and claudin-10 (P 5
.02) (Fig 2, B). Skin tissue expressed connexin-26 (P 5 .02),
-30 (P 5 .02), -32 (P 5 .06), desmocollin-1 (P 5 .02),
desmocollin-3 (P 5 .02), desmoglein-1 (P 5 .02), desmoglein-3
(P 5 .02) (Fig 2, D), and their corresponding adaptor proteins
plakophilin-1 (P 5 .02) and plakophilin-3 (P 5 .02) (Fig 2, F).

FIG 1. Junctional complexes of epithelial cells and protein composition of TJs. A, Scheme of the junctional

complexes in epithelial cells: TJs, adherens junction, desmosomes, and gap junctions. B, Protein composi-

tion of TJ: transmembrane proteins include junctional adhesion molecules (JAMs), claudin family, Marvel

family members, and adaptor proteins. MAGI, Membrane-associated guanylate kinase inverted; MUPP1,
multi-PDZ domain containing protein 1; ZO, zonula occludens.
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