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SIGNIFICANCE
Nummular eczema is clinically characterized by coin-
shaped or oval pruritic lesions with well-defined borders, 
usually on the legs, but also on other areas. Its precise 
underlying cause is not yet fully understood. We discovered 
an elevated expression of corneodesmosomal proteins in 
the lesional skin of patients with nummular eczema. This 
increase is potentially mediated by an elevation in lympho-
epithelial Kazal-type-related inhibitor-1, which inhibits 
the proteases involved in desquamation. This inhibition 
may lead to delayed desquamation and the emergence of 
scales. Therefore, we suggest that antagonists targeting 
lympho-epithelial Kazal-type-related inhibitor-1 may serve 
as potential therapeutic candidates for the treatment of 
nummular eczema.
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Nummular eczema, a chronic dermatitis characterized 
by coin-shaped lesions, was first documented in 1857. 
However, its pathophysiological characteristics are 
still not well known. To investigate differences in the 
regulation of the desquamation process in the stratum 
corneum of lesional and nonlesional skin of patients 
with nummular eczema and healthy control subjects, 
tape-stripped stratum corneum samples from patients 
with nummular eczema and healthy volunteers were 
analysed using immunofluorescence staining and wes-
tern blot analysis. In the nummular eczema lesional 
skin, expression of desmoglein-1, desmocollin-1, and 
corneodesmosin exhibited a disorganized, dense or 
partially diffuse non-peripheral pattern with increased 
intensity, compared with the peripheral patterns ob-
served in healthy or nonlesional skin, suggesting the 
impaired desquamation process in nummular eczema. 
Furthermore, although the expression of the desqua-
mation-related serine proteases, kallikrein-related 
peptidase 7 and 5, was increased in nummular ecze-
ma lesional skin, the immunofluorescence staining of 
lympho-epithelial Kazal-type-related inhibitor-1, an 
endogenous inhibitor of various kallikrein-related pep-
tidases, and its fragments were significantly increased 
in the nummular eczema lesional skin, suggesting its 
contribution to the inhibition of corneodesmosomal 
degradation. Therefore, the increased detection of cor-
neodesmosomal proteins in nummular eczema lesions 
may be due to the increased amount of the fragments 
of lympho-epithelial Kazal-type-related inhibitor-1, 
which could contribute to delayed desquamation.

Key words: corneodesmosin; desmocollin-1; desmoglein-1; 
lympho-epithelial Kazal-type-related inhibitor; nummular eczema.
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Nummular eczema (NE) is clinically characterized 
by coin-shaped or oval pruritic lesions with well-

defined borders, usually on the legs, but also on other 

areas, including the arms and trunk (1–3). NE lesions 
typically exhibit papules/vesicles (acute phase) and 
crusts/desquamation (chronic phase) (4). The exact cause 
of NE is unknown. However, several factors including 
nutrition, infection, excessive alcohol intake, and dry 
skin, particularly in the elderly, have been linked to its 
development (5–9).

The formation of scales is a common feature of xerosis 
and various eczemas, including NE, and is caused by an 
imbalance of various proteases and endogenous inhibi-
tors (4, 10–12). In dry skin or atopic dermatitis (AD) skin, 
increased non-peripheral corneodesmosome structures 
in the upper stratum corneum (SC) with an increase in 
corneodesmosomal proteins such as corneodesmosin 
(CDSN), desmoglein-1 (DSG1), and desmocollin-1 
(DSC1) have been reported (12–14), suggesting the 
impaired desquamation process.

Corneodesmosomes, the modified desmosomes of the 
uppermost denucleated epidermal layers, are composed 
of DSG1, DSC1, and CDSN (15). DSG1 and DSC1 
are desmosomal cadherins, expressed in the superficial 
layers of the epidermis, and mediate adhesion in des-
mosomes and corneodesmosomes (16, 17). CDSN is a 
52–56 kDa glycoprotein expressed in cornified epithelia 
and the inner root sheath of hair follicles (18, 19). In 
the epidermis, CDSN is secreted into the SC through 



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

S. E. Montenegro et al. “Increase of corneodesmosomal proteins in nummular eczema”2/8

Acta Derm Venereol 2024

lamellar bodies, and reinforces corneodesmosomes in 
the SC (20, 21). 

Corneodesmosomes in the upper SC are normally de-
graded by proteases such as kallikrein-related peptidases 
(KLKs) during desquamation (15, 18). KLK7 mediates 
the disruption of corneodesmosomes by hydrolysing the 
CDSN and DSC1, but not DSG1, while KLK5 cleaves 
all three components (22, 23). KLK1, 6, and 14 can also 
degrade DSG1 (24). Epidermal KLK activities are strictly 
controlled by endogenous specific inhibitors, including 
lympho-epithelial Kazal-type-related inhibitor (LEKTI)-1 
(23, 25). LEKTI-1 is processed into single or multiple 
domains and inhibits various proteinases, including epi-
dermal KLK5, 6, 7, 13, and 14 (25, 26). Full-length or 
partial recombinant forms of LEKTI-1 are found to inhibit 
various proteases including trypsin, plasmin, chymotryp-
sin, and caspase-14, as well as KLKs (26, 27). 

In this study, we aimed to better understand the 
pathophysiology of NE by investigating changes in the 
expression of corneodesmosomal components and their 
regulatory proteins, KLK5, 7, and LEKTI-1, in tape-
stripped SC samples from NE skin and healthy skin.

MATERIALS AND METHODS

Study/ethical approval

The protocol for obtaining skin tissues from patients with NE and 
healthy volunteers using the tape-stripping method was approved 
by the medical ethics committee of the Institutional Review Board 
of Seoul National University Hospital (IRB No. H-1805-071-946), 
and all participants provided written informed consent. The study 
was conducted in accordance with the principles described in 
the Declaration of Helsinki. Patients with NE who visited Seoul 
National University Hospital between August 2018 and January 
2019 and aged-matched healthy volunteers were involved in this 
study. Diagnosis of NE was performed by a board-certified der-
matologist based on clinical evaluation, including using eczema 
area and severity index (EASI) (28) and investigator’s global as-
sessment (IGA; 0 to 5 points) scores. Patient characteristics are 
summarized in Table SI. Patients with NE who had other acute 
diseases or who were administered anti-inflammatory medicines 
for NE within 3 months were excluded.

Tape-stripping of stratum corneum

SC samples were collected from the lesional and nonlesional areas 
in the leg, arm, abdomen, or back skin of patients with NE and 
the same skin areas of healthy volunteers using Scotch® tape (3M, 
St Paul, MN, USA). For western blot analysis, the 1.8 cm × 5 cm 
Scotch® tape was placed on the lesional and nonlesional skin of 
patients with NE (mean age ± standard error of the mean (SEM), 
51.3 ± 2.72 years; age range, 27–71 years; 12 females and 12 males) 
or skin of healthy volunteers (48.9 ± 2.12 years; age range, 36–59 
years; 10 females and 5 males) for 3 minutes, applying pressure 
during the last minute, and then attached and detached 10 times. 
For immunofluorescence staining, the SC samples were obtained 
using the 0.84 cm × 3 cm double-sided adhesive tape (3M) on the 
slide by placing the tape-adhered slide on the skin of patients with 
NE or healthy volunteers for 3 minutes, applying pressure during 
the last minute. Tapes and slides containing SC tissues were stored 
at –20°C until use.

Protein extraction from stripped tapes and western blot analysis

The stripped tapes were cut into smaller pieces, placed into mi-
crotubes, and 500 μL of modified 6% SDS sample buffer (20% 
glycerol, 6% SDS, 125 mM Tris-HCl, pH 6.8) was added to the 
samples, and boiled at 95 °C for 5 min. Thereafter, supernatants 
were collected by centrifugation at 13,000 rpm at 4°C for 5 min, 
and the protein concentration was measured using a bicinchoninic 
acid assay (Sigma-Aldrich, St Louis, MO, USA). For western 
blot analysis, the same amounts of protein were added to 5% 
β-mercaptoethanol and 0.02% bromophenol blue (Sigma-Aldrich), 
separated using SDS-PAGE on 8–15% gels, and transferred to a 
nitrocellulose membrane (GE Healthcare Life Science, Chicago, 
IL, USA). Then, membranes were stained with Ponceau S solution 
(Elpis Biotech, Daejeon, Korea) and blocked with 5% skim milk 
in Tris-buffered saline containing 0.1% Tween® 20 (TBS-T), and 
incubated with primary antibodies diluted in TBS-T overnight 
at 4°C. Information for the primary antibodies is summarized 
in Table SII. Subsequently, the membranes were incubated with 
horseradish peroxidase-conjugated anti-mouse, rabbit, or rat IgG 
secondary antibodies (GeneTex, Irvine, CA, USA). Chemilumines-
cence signals were obtained using ECL reagents (Thermo Fisher 
Scientific, Waltham, MA, USA). The intensity of each band was 
normalized to the intensity of Ponceau S-stained bands between 50 
and 70 kDa, using ImageJ software (National Institutes of Health, 
Bethesda, MD, USA).

Immunofluorescence staining

The SC samples on slides were blocked using an UltraVision 
protein block (Thermo Fisher Scientific), washed with PBS (1×), 
and incubated with primary antibodies overnight at 4°C. Informa-
tion for the primary antibodies is summarized in Table SII. The 
slides were then washed with PBS, and incubated with secondary 
antibodies: anti-mouse, anti-rabbit, or anti-rat IgG conjugated with 
Alexa 594® or Alexa 488® (1:400, Thermo Fisher Scientific). The 
slides were mounted on Shandon Immu-Mount (Thermo Fisher 
Scientific). Fluorescent images were obtained using an Eclipse Ni 
microscope with a DS-Ri2 camera (Nikon, Tokyo, Japan), under 
identical conditions for each target protein, except the weak signal 
images of the lesional samples, which were obtained by adjusting 
the exposure time to show the patterns clearly. The intensity of 
immunofluorescence signal was analysed using ImageJ. 

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 25 
(IBM Corp, Armonk, NY, USA). The Wilcoxon signed-rank test 
was used to compare paired samples of lesional and nonlesional 
skin of the same patients with NE, while the Mann–Whitney U 
test was used for non-paired samples of healthy skin and lesional 
or nonlesional skin from patients with NE. Statistical significance 
was set at p < 0.05.

RESULTS

Higher corneodesmosomal protein expression in the 
lesional skin of patients with nummular eczema
We first investigated the corneodesmosomal protein ex-
pression in the tape-stripped uppermost layers of the SC 
of the lesional and nonlesional skin from patients with 
NE and healthy skin from normal subjects by performing 
immunofluorescence staining for the corneodesmosomal 
structural proteins, DSG1, DSC1, and CDSN. Immu-
nofluorescence staining of DSG1, DSC1, and CDSN in 
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the SC from healthy skin showed a peripheral distribu-
tion, as reported in previous studies (13,29). In contrast, 
in lesional skin of patients with NE, DSG1, DSC1, and 
CDSN exhibited a disorganized, dense, or partially 
diffuse non-peripheral pattern with increased intensity 
(Fig. 1). Meanwhile, nonlesional skin of NE exhibited 
a predominantly peripheral distribution pattern mixed 
with a partial diffuse pattern with a partial increase in 
intensity for DSG1, DSC1, and CDSN (Fig. 1). These 
results suggest that the desquamation process may be 
impaired in lesional skin of patients with NE.

To confirm those changes, we performed western 
blot analyses for these proteins with tape-stripped SC 
samples from the patients with NE and healthy vo-
lunteers. In previous studies, DSG1 intact forms were 
detected around 150–160 kDa, and its processed forms 

were mainly detected at 80–95 kDa in tape-stripped SC 
samples from normal and winter xerosis skin (12,30). 
In this study, healthy SC showed mainly fragmented 
forms of DSG1 (50–70 kDa). On the other hand, NE 
skin showed stronger signals of both fragmented forms 
(50–100 kDa) and intact form (~150 kDa) of DSG1, 
along with smaller-sized fragments (< 50 kDa) in almost 
all samples (Fig. 2a). Ponceau S stain bands (50–70 
kDa) were used as a loading control. The densitometry 
of the western blot analysis of 15 healthy and 18 NE SC 
samples revealed that the expression of DSG1 was signi-
ficantly higher in lesional skin of patients with NE (intact 
forms+fragmented forms) than in nonlesional skin of the 
same patients. Furthermore, DSG1 expression was also 
significantly higher in both lesional and nonlesional skin 
of patients with NE than in healthy controls (Fig. 2b).

Fig. 1. Higher corneodesmosomal protein expression using immunofluorescence staining in patients with nummular eczema (NE). (a) 
Immunofluorescence staining images of desmoglein-1 (DSG1), desmocollin-1 (DSC1), and corneodesmosin (CDSN) in tape-stripped uppermost stratum 
corneum (SC) of healthy subjects and nonlesional and lesional SC of the same patient with nummular eczema (NE), n = 5 or 6 for each group. Scale 
bar = 100 μm. The same images of the lesional SC with weak signal were additionally shown for clearer pattern of staining in the lesional SC samples. (b) 
Relative signal intensity of immunofluorescence staining was quantified and represented as mean fold ± SEM. #p < 0.05; lesional skin vs nonlesional skin 
of the same patients with NE (Wilcoxon signed-rank test); *p < 0.05, **p < 0.01 lesional or nonlesional skin vs the healthy skin (Mann–Whitney U test).
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The intact form of DSC1 has been known to be 95–110 
kDa in size (31,32), but the size of its fragmented form 
in SC has not been reported. In our results, healthy skin 
mainly showed fragmented forms of DSC1 (40–70 kDa), 
and almost all SC samples from NE lesional skin showed 
stronger signals of both fragmented and intact forms 
of DSC1 (Fig. 2c). Because of the detection of DSC1 
intact forms, the fragmented forms were overexposed in 
Fig. 2c; therefore, we provide a distinguishable image 
for DSC1 fragmented forms in Fig. S1. The densito-
metry of 15 healthy and 18 NE SC samples revealed a 
significant increase in the expression of DSC1 (intact 
forms+fragmented forms) in lesional skin compared 
with nonlesional skin of the same patient and healthy 
skin (Fig. 2d).

The intact form of CDSN (52–56 kDa) has been re-
ported to fragment into 40–48 or 33–36 kDa during SC 
maturation (19), and the fragmented forms were mainly 
detected in tape-stripped SC samples from normal and 
winter xerosis skin (12). The western blot analysis of 
the 15 healthy and 17 NE SC samples detected both 
intact (50–70 kDa) and fragmented forms (30–46 kDa) 
of CDSN, and showed a higher expression of CDSN 
(intact forms+fragmented forms) in lesional skin than 
nonlesional skin of the same patient and healthy skin 
(Fig. 2e and f). DSC1 and CDSN expression in nonle-
sional skin tends to be higher than in healthy skin, but 
not significant (Fig. 2d and f).

This increased expression and altered distribution of 
DSG1, DSC1, and CDSN in lesional skin of patients 
with NE suggests potential disruption in the process 
of corneodesmosomal protein degradation related to 
desquamation.

Higher KLK7 and KLK5 expression in the lesional skin 
of patients with nummular eczema
Because the degradation of corneodesmosomal protein 
in the normal skin is well known to be mediated by 
KLKs, such as KLK7 and KLK5 (23), we investigated 
the expression of KLK7 and KLK5.

The immunofluorescence staining showed that KLK7 
and KLK5 had a peripheral distribution pattern in healthy 
and nonlesional skin (Fig. 3a), as previously reported 
(13). However, in lesional skin of patients with NE, 
KLK7 and KLK5 immunofluorescence staining exhibited 
a disorganized, dense, or partially diffuse non-peripheral 
pattern with increased intensity (Fig. 3a and b).

The western blot analyses of 15 healthy and 18 NE 
SC samples also revealed a significant increase in the 
protein level of KLK7 (between 26–35 kDa) in lesional 
skin of patients with NE, compared with nonlesional 
skin of the same patient or healthy skin, while there was 
no significant difference in KLK7 expression between 
nonlesional NE skin and healthy skin (Fig. 3c and d). 

Therefore, to understand why corneodesmosomal 
proteins are increased in NE despite the increase in their 

Fig. 2. Higher corneodesmosomal protein expression using western blot analysis in patients with nummular eczema (NE). Protein expressions 
of (a, b) DSG1, (c, d) DSC1, and (e, f) CDSN in tape-stripped SC samples from healthy skin, or nonlesional (NL) and lesional (L) skin of the same patient 
with NE were analysed using western blot. Ponceau S stain was used as loading control. Results of each 4 representatives of healthy and NE samples 
are shown. Each band of (b) DSG1, (d) DSC1, and (f) CDSN was analysed using densitometry, and the densitometric data (intact forms+fragmented 
forms) are presented as the mean fold ± SEM. Intensity of each band was normalized with the intensity of Ponceau S-stained bands between 50 and 70 
kDa (patients with NE, n = 17 or 18; healthy skin, n = 15). #p < 0.05; lesional skin vs nonlesional skin of the same patients with NE (Wilcoxon signed-rank 
test); *p < 0.05, **p < 0.01 lesional or nonlesional skin vs the healthy skin (Mann–Whitney U test). Positive correlations between these corneodesmosomal 
protein levels were confirmed by the linear regression analysis (Fig. S2). 
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degradation enzymes KLK7 and KLK5, the expression of 
LEKTI-1, an endogenous inhibitor of these proteinases, 
was further investigated.

Higher expression of LEKTI-1 in the lesional skin of 
patients with nummular eczema
Immunofluorescence staining of LEKTI-1 showed a 
peripheral but partly spot-like discontinuous distribution 
pattern in healthy skin and nonlesional skin; however, in 
lesional skin, immunofluorescence staining of LEKTI-1 
also exhibited a disorganized and dense or partially 
diffuse non-peripheral pattern with strongly increased 
intensity (> 6 folds to healthy skin) (Fig. 4a and b).

In western blot, three precursor forms of LEKTI-1 
(~125, ~145, and ~148 kDa) and active fragmented 
forms of various sizes (7–68 kDa) have been reported 
(26,33,34). Western blot analysis of 12 healthy and 12 
NE SC samples showed a strongly increased detection of 
40~70 kDa and ~30 kDa LEKTI-1 fragments in the NE 
lesional skin (> 6 folds to healthy skin), but weaker 40~70 
kDa bands and no detectable ~30 kDa bands were obser-

ved in almost all nonlesional and healthy skin samples, 
except in a few cases of nonlesional skin (Fig. 4c and 
d). Therefore, from the results of immunofluorescence 
staining and western blot, the expression of LEKTI-1 
in the SC of the lesional skin of patients with NE was 
increased, compared with healthy or nonlesional skin, 
and showed higher fold of increase than those of KLK7 
and KLK5 (Fig. 4). Additionally, to determine actual 
activity of these proteases indirectly, we investigated 
serine protease activity by performing in situ casein 
zymography (13), and found that the net serine protease 
activity was almost negative in NE lesional skin, while 
healthy and NE nonlesional skin showed some extent of 
serine protease activity (Fig. S3), suggesting that KLK7 
and KLK5 might be inhibited by increased LEKTI-1 in 
NE lesional skin.

These results suggest that the increased expression 
of LEKTI-1 fragments in lesional skin may inhibit 
desquamation-related proteases such as KLKs, leading 
to increased corneodesmosomal proteins and impaired 
desquamation in NE lesional skin.

Fig. 3. Higher kallikrein-related peptidase (KLK) 7 and 5 expression in patients with nummular eczema (NE). (a) Immunofluorescence staining 
images of KLK7 and KLK5 in tape-stripped uppermost SC of healthy subject skin and nonlesional and lesional skin of the same patient with NE, n = 5 
or 6 for each group. Scale bar = 100 μm. The same images of the lesional SC with weak signal were additionally shown for clearer pattern of staining 
in the lesional SC samples. (b) Relative signal intensity of immunofluorescence staining was quantified and represented as mean fold ± SEM. (c) Protein 
expressions of KLK7 in tape-stripped SC samples from healthy skin, or nonlesional (NL) and lesional (L) skin of the same patient with NE were analysed 
using western blot. Ponceau S stain was used as loading control. Results of each 4 representatives of healthy and NE samples are shown. (d) Each band 
of KLK7 was analysed using densitometry, and the densitometric data are presented as the mean fold ± SEM. Intensity of each band was normalized with 
the intensity of Ponceau S-stained bands between 50 and 70 kDa (patients with NE, n = 18; healthy skin, n = 15). #p < 0.05; lesional skin vs nonlesional 
skin of the same patients with NE (Wilcoxon signed-rank test); *p < 0.05, lesional or nonlesional skin vs the healthy skin (Mann–Whitney U test).
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DISCUSSION

To investigate and understand the molecular aspects of 
epidermal terminal differentiation in NE, we evaluated 
the changes in the corneodesmosomal components in 
the SC of patients with NE. Despite the increase in 
KLK7 and KLK5 expressions, an increase in levels and 
non-peripheral distribution of DSG1, DSC1, and CDSN 
was observed in the tape-stripped NE lesional skin SC, 
suggesting that the desquamation process is hindered in 
the NE lesional skin SC, and we found that the increased 
expression of LEKTI-1 in the lesional skin may play a 
role in inhibiting the desquamation process.

Increased amounts of corneodesmosomal proteins and 
non-peripheral distribution were found in the uppermost 
layers of SC in lesions of NE, which is similar to what 
is seen in dry skin or AD skin (12,13). Additionally, the 
detection of intact forms of corneodesmosomal proteins 
in the NE lesional samples also supports the idea that 
their degradation is partly inhibited, leading to the accu-
mulation of these proteins and enhancing the adherence 
of the SC, contributing to the formation of scales in NE. 

In AD skin, an increase in the expression of various 
KLKs was observed in SC (35, 36). However, the activi-

ties of trypsin-like or chymotrypsin-like proteases were 
not increased as much as expected by protein amount 
increases. In contrast, a much higher increase in furin-
like protease activity was observed, which can activate 
LEKTI-1 (36). In addition, the impaired desquamation in 
AD is also found to be related to the incomplete activa-
tion of KLK7 and increased LEKTI-1 expression (13). 
Similarly, we also found increased immunofluorescence 
staining of LEKTI-1 and expression of LEKTI-1 frag-
ments in the lesional skin of NE, more than the increases 
of KLK7 and KLK5. 

LEKTI-1 is a multi-domain serine protease inhibi-
tor protein, and its loss-of-function mutation causes 
Netherton syndrome (26,37). The precursor forms of 
LEKTI-1 are cleaved into smaller fragments in the 
post-endoplasmic reticulum compartment (26), and its 
variously sized active fragmented forms (7–68 kDa) 
have been found in conditioned medium of cultured epi-
dermal keratinocytes or HEK293 cells transfected with 
LEKTI-1 isoforms, or in the extract of human epidermis 
(26,33,34). LEKTI-1 has 15 potential serine protease in-
hibitory domains (D1-D15), which have high homology 
with the typical Kazal-type serine protease inhibitors. 

Fig. 4. Higher expression of lympho-epithelial Kazal-type-related inhibitor (LEKTI)-1 in patients with nummular eczema (NE). (a) 
Immunofluorescence staining images of LEKTI-1 in tape-stripped uppermost SC of healthy subject skin and nonlesional and lesional skin of the same 
patient with NE, n = 5 for each group. Scale bar=100 μm. The same image of the lesional SC with weak signal was additionally shown for clearer pattern 
of staining in the lesional SC sample. (b) Relative signal intensity of immunofluorescence staining was quantified and represented as mean fold ± SEM. 
(c) Protein expression of LEKTI-1 fragments in tape-stripped SC samples from healthy skin, NE nonlesional (NL), and lesional (L) skin were analysed 
using western blot. Ponceau S stain was used as loading control. Results of four representatives of healthy and NE samples are shown. (d) Each band 
of LEKTI-1 was analysed using densitometry, and the densitometric data (sum of all bands) are presented as the mean fold ± SEM. Intensity of each 
band was normalized with the intensity of Ponceau S-stained bands between 50 and 70 kDa (patients with NE, n = 12; healthy skin, n = 12). #p < 0.05; 
lesional skin vs nonlesional skin of the same patients with NE (Wilcoxon signed-rank test); *p < 0.05, lesional or nonlesional skin vs the healthy skin 
(Mann–Whitney U test).
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However, 13 of these domains lack one of the three 
conserved disulphide bridges, with the exception of D2 
and D15 (26). Based on the size of the detected LEKTI-1 
fragments, they seem to include the previously reported 
65/68 kDa, 42 kDa, and 31 kDa fragments of LEKTI-1 
in human epidermis (26,34), which have potentials to 
inhibit KLK5, KLK7, or KLK14 (26,34). In addition, 
observation of no net serine protease activity in NE lesion 
skin also supports their possible inhibition by increased 
LEKTI-1 fragments. Thus, our findings suggest that the 
increase in the LEKTI-1 fragments in the NE lesional 
skin SC may contribute to the delayed desquamation, 
by leading to an imbalance in the interaction between 
corneodesmosomal protein-degrading proteases and their 
inhibitors. This results in erroneous corneodesmosomal 
assembly, enhancing adhesive strength and impaired 
desquamation.

In psoriasis, a higher level of LEKTI-1 expression is 
observed in the epidermis compared with AD or healthy 
skin, and TNFα, IL-17A, TLR1/2, 3, 5, and 2/6 ligands 
are known to induce the expression and secretion of 
LEKTI-1 in cultured epidermal keratinocytes (38,39). 
Therefore, the increased expression of LEKTI-1 in NE 
may also be a result of inflammatory cytokines- or TLR 
ligands-related responses.

Recently, it has been reported that NE has more me-
chanistic similarity to AD than psoriasis, though it has 
both type 2 and 3 immune signatures, and inhibition of 
type 2 immune response by treatment with dupilumab 
showed improvement of both type 2 and 3 immune sig-
natures in patients with NE (40). This may support the 
similarity in increased LEKTI-1-mediated impairment 
of desquamation between NE and AD.

However, due to non-availability of skin tissue samples 
from patients with NE, we were unable to analyse the 
differences in the mRNA expression of these proteins. 
Thus, we could not verify the additional possibility that 
transcriptional upregulation of corneodesmosomal prote-
ins may also contribute to the impairment of desquama-
tion and disorganization of the SC. Furthermore, other 
mechanisms including incomplete activation of KLKs 
or their impaired secretion from lamellar granules, as 
reported in AD (13), were not investigated in this study. 
These are limitations of this study.

In conclusion, this study demonstrates that SC desqua-
mation is impaired in the lesional skin of patients with 
NE. In particular, the increase in the LEKTI-1 fragments 
in the NE lesional skin suggests its contribution to the 
inhibition of desquamation-related proteinases like KLKs 
and the increase in the corneodesmosomal proteins, 
resulting in delayed skin desquamation.
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