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ABSTRACT

Background

Nummular eczema, a chronic dermatitis characterized by coin-shaped lesions, was first 

introduced by Devegie in 1857. Despite its long history, data regarding its 

corneodesmosomal components are scarcely available in the current literature. 

Objective

To investigate whether the distribution of corneodesmosomal components and surface areas 

of corneocytes in nummular eczema skin lesions are different from those found in healthy 

skin.

Methods

Tape-stripping was used to acquire corneocytes from a disease group (n = 24 cases both 

lesional and non-lesional skin) and a control group (n = 15). Western blotting and 

immunofluorescent microscopy were performed. A new protein extraction method was 

developed.

Results

Corneodesmosomal proteins and their regulators showed higher levels of expression in 

nummular eczema-affected skin compared to the skin of healthy subjects, including 

corneodesmosin, desmoglein-1, desmocollin-1, kallikrein-7, caspase-14, and the lympho-

epithelial Kazal-type related inhibitor. The staining patterns in the tape stripped samples

were abnormal in the lesional skin of nummular eczema. A dense diffuse pattern was 
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prominent in lesional skin, while in the non-lesional and healthy group, the peripheral 

pattern with a small expression of the sparse diffuse pattern was noted.

Conclusions

The tape stripping method revealed the abnormal expression of corneodesmosomal proteins 

and corneodesmosome staining patterns in the skin lesions of nummular eczema. The 

corneocytes in nummular eczema were found to be abnormally differentiated. In particular, 

an increase in the ~30 KDa form of LEKTI in lesional skin appeared to contribute to an 

increase in the amount of fragmented proteins and a delay in skin desquamation.

Keywords: nummular eczema, stratum corneum, tape stripping, corneodesmosome, 

corneodesmosin, desmocollin-1, desmoglein-1, protesases, lympho-epithelial Kazal-type-

related inhibitor.

Student Number: 2017-28469
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INTRODUCTION

1. Stratum corneum 

The outermost non-living layer of the epidermis is the stratum corneum (SC). The SC 

typically consists of 12–16 layers of flat corneocytes with a mean thickness of 1 µm.1,2

When observed in histological sections, the SC shows a basket-weave-like structure in 

which the flat cornified cells are attached to each other only at the edges by 

corneodesmosomes.3-6 The SC has been compared to a brick wall in which the terminally 

differentiated keratinocytes (bricks) are embedded in a continuous matrix of specialized 

lipids (mortar).2,7-9 The SC is formed through keratinization in the stratum granulosum 

(SG), during which keratinocytes start to produce the lamellar bodies that contain 

extracellular components (i.e. lipids, corneodesmosin, and kallikreins).10,11 Because the 

transition of keratinocytes from the granular layer into enucleate corneocytes represents a 

form of cell death, caspase-14 has been implicated in the formation of stratum corneum,

due to its expression and activation in terminally-differentiating keratinocytes.12

ABH antigens are expressed not only in erythrocytes but also in a wide range of human 

tissues, including gastrointestinal tissue, bronchopulmonary tissue, genitourinary tracts, 

conjunctiva, and skin tissue.13,14 These antigens are composed of several types of highly 

related terminal glycosylation structures whose expression is dependent on an individual's 

ABO gene polymorphism.15 However, the physiological roles of these antigens in the skin 

have not yet been characterized.
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2. Corneodesmosomes

The principal “mechanical” junctions of the SC, namely the corneodesmosomes, are 

modified desmosomes from the uppermost denucleated epidermal layers.16 Desmosomes 

in the viable epidermis provide the main mechanism of keratinocyte adhesion.3,17 Before 

cornification, the keratinocytes from the second layer of the stratum granulosum

synthesize and excrete a glycoprotein, the corneodesmosin (CDSN), into the extracellular 

spaces, which spontaneously embeds within the intercellular portions of the stratum 

granulosum desmosomes, occupied by cadherins (DSG-1 and DSC-1).16,18-20 The lamellar 

granules in the stratum granulosum also transport molecules involved in 

corneodesmosome processing, including kallikrein-related peptidases (KLKs) and the 

lymphoepithelial Kazal-type related inhibitor (LEKTI).4,6,21 The CDSN reinforces the 

junctions and must be degraded by proteases, together with the desmosomal cadherins, to 

allow for desquamation.16,22,23 Several different proteases have been implicated in the 

desquamation process.24,25 At the center of these proteases are the KLKs, which function in 

a pH-dependent manner.26-28 Human tissue KLK-7 is involved in stratum corneum 

desquamation. In this process, KLK-7 mediates the disruption of corneodesmosomes and

the cell–cell adhesion junctions of corneocytes by hydrolyzing the CDSN and DSC-

1.29,30 The epidermal KLK activities are strictly controlled by a subset of specific inhibitors, 

including a member of the serine protease inhibitor of the Kazal-type (Spink) family 

protein known as LEKTI, which is expressed in the granular layer of the epidermis and is 

secreted by lamellar granules into the extracellular space.5,21,31 LEKTI is cleaved into single 

or multiple domains and inhibits epidermal KLKs 5, 6, 7, 13, and 14.5,32 This process is 

altered in atopic dermatitis (AD); Igawa et al. showed that the impaired secretion of KLK7 

from the lamellar granules and increased LEKTI expression underlie the insufficient 

activation of KLK in AD33, which manifest as hyperkeratosis and alterations of the 
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epidermal barrier. In normal human keratinocytes (NHK), LEKTI is expressed as three 

precursors derived from alternative pre-mRNA processing.34 In addition to the previously 

described, full-length isoform of 15 domains (145 KDa), SPINK5 encodes a shorter LEKTI 

isoform (125 KDa) composed of the first 13 domains generated from the use of an 

alternative polyadenylation signal, as well as a longer isoform (148 KDa) carrying a 30-

amino acid residue insertion between the 13th and 14th inhibitory domains. LEKTI 

precursors are rapidly processed into proteolytic fragments in the post-endoplasmic

reticulum compartment.35 C-terminal LEKTI fragments have been previously detected in 

the conditioned medium of NHK.34 In addition, a 30-kDa polypeptide with an N-terminal 

extremity, corresponding to D7-D9, was previously purified from NHK-conditioned 

medium.36,37. 

3. Nummular eczema

Nummular eczema, also known as discoid eczema, is a clinical entity characterized by 

coin-shaped or oval lesions with well-defined borders.38-40 Unlike classic eczema, 

nummular eczema is rarely associated with a predisposition to intrinsic allergic 

hypersensitivity, as is often seen in atopic eczema or asthma.38,39 The condition does not 

have a precise etiological entity, and several agents acting individually or in combination 

have been suggested as the likely etiological factors; the most frequently cited factors 

include nutritional,41,42 infective,42-44, and emotional factors,45 as well as excessive alcohol 

intake46,47 and dry skin, particularly in the elderly.46,48,49

Nummular eczema is often a chronic disease. Relapse commonly occurs after occasional 

remission or may persist for long periods. In one series, patients were followed up for two 

years; 22% were dermatitis-free, 25% had lesion-free periods ranging from weeks to years, 

and 53% had never been free of dermatitis, except when using local therapy.50
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Clinical scales to evaluate the severity of eczema are not specific to nummular eczema. One 

example is the IGA score, which is a stratified scale that uses numerical cut‐offs into 

severity bands represented by a global score. It is used to evaluate the overall severity of 

AD at a given time in a static manner, assessing only the current state of disease severity, 

regardless of the course of the disease or its severity in previous analyses. The IGA score 

consists of a six‐point scale, ranging from clear (0) to very severe (5) AD.51,52

Studies regarding corneodesmosomal changes in nummular eczema are scarcely reported in 

current literature. Thus, to determine the expression of corneodesmosomal proteins and 

their regulators in nummular eczema, I investigated the corneodesmosomal components of 

the stratum corneum in both nummular eczema skin and healthy skin using a non-invasive 

technique tape stripping (TS).

4. Tape stripping and protein extraction

Tape stripping has become an increasingly popular method that has proven itself valuable 

for stratum corneum research.53

The tape stripping technique consists of successively removing the cell layers of the 

stratum corneum from the same area of skin using adhesive films. This is a simple yet 

efficient method that has been used for quantitative dermatological and pharmacodynamic 

research.54-56 Although this method is widely used and appears to be simple and easy to 

perform,57-59 various protocols are used and the results of similar studies may be difficult to 

compare due to the lack of uniformity in the approaches.59

Protein extraction requires the mechanical disruption of cells by existing methods such as 

homogenization, sonication, or shearing.60 Several methods have been developed, such as 

the solubilization of cells using sodium dodecyl sulfate (SDS), a frequently used anionic 

detergent, which has been studied extensively with respect to micellization61-63 partitioning 
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into monolayers64 and bilayers.61,65 It is commonly used in various concentration ranges in 

the laboratory environment. 

There have been reports of proteins extracted from tape stripped samples; however, diverse 

protocols are used. In order to obtain the best quality protein expression, I performed 

protein extraction using four well-known protocols, subsequently developing a protocol of 

my own.
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CHAPTER I

Tape stripping reveals an increase in the expression of 

corneodesmosomal proteins in nummular eczema
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MATERIALS AND METHODS

Patients

This is a single‐center, observational study of 24 patients with nummular eczema at the 

Seoul National University Hospital between August 2018 and July 2019. Approval was 

obtained from our Institutional Ethics Committee and Institutional Review Board (IRB no. 

H-1805-071-946).

The patient’s demographic characteristics (sex, age, and IGA score) were characterized.

IGA score

The IGA score consists of a six‐point scale, ranging from clear (0) to very severe (5) AD.

Tape stripping

Samples of the stratum corneum were collected with the tape stripping technique using a 

5 cm 3M Scotch tape (St. Paul MN, US). The tape was placed on lesional and non-lesional 

skin for 3 minutes, applying pressure during the last minute. After 3 min, the tape was 

attached and detached 10 times. The tapes were stored in 50 ml conical tubes at ‒20°C. 

Written informed consent was obtained from the donors prior to taking of the samples, 

according to the protocol approved by the Institutional Review Board of Seoul National 

University Hospital. (IRB no. H-1805-071-946).
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Protein extraction

The extraction of protein from the tape strips was performed several times using different 

buffers and techniques in order to obtain samples for western blotting. The buffer used for 

the trials were RIPA and SDS-based buffer in two different concentrations, 1× SDS and 4×

SDS, with sonication. However, the western blotting results were not clearly displayed after 

using these buffers. Therefore, a modified SDS-based buffer was developed.

Figure 1. Comparison of extraction methods used on tape-stripped samples.

Protein expression in the nitrocellulose membrane was evaluated using four 

different procedures. (A) Ponceau showing protein expression of tape strip 

samples obtained using RIPA, 1× SDS, and 4× SDS buffer. Samples acquired by 

sonication were loaded with HaCat cell lysate using 4× SDS buffer as the control. 

(B) Protein expression after treatment with desmoglein-1 antibody. Experiments 

were repeated three times with three different sets of samples. 
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Modified buffer

The modified buffer (10 ml of 6× SDS) was comprised of 100% glycerol (2 ml), 10% SDS 

(6 ml), 1 M Tris-HCl pH 6.8 (1.25 ml), and distilled water (0.75 ml) without bromophenol 

blue or b-mercaptoethanol (bM). 

The tape strips were cut into smaller pieces and placed in autoclaved E-tubes (1.5 ml). Then, 

500 ml of 6× SDS was added to the samples and boiled at 95°C for 5 min. Finally, the total 

protein concentration was measured using bicinchoninic acid assay (Sigma-Aldrich, St. 

Louis, MO). After protein measurement, 4× SDS buffer with beta-mercaptoethanol was

added and western blotting was performed.

Due to the inter-individual variability found within the samples, the quantity of protein 

needed to be determined. To this end, the BCA assay was selected to calculate amount of 

protein found in each tape stripe due to its reproducibility and simplicity.
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Figure 2. The amount of protein in the tape-stripped samples determined 

using the BCA colorimetric method.

(A) b-mercaptoethanol showed a strong signal, hampering the measurement of 

protein in the tape-stripped samples. (B) Samples from healthy subjects were used 

in a 1:50 ratio to determine the quantity of proteins: 50 g of sample was added to 

4× SDS buffer with b-mercaptoethanol after the BCA assay. (C) Western blotting 

analysis: (i) Extraction of protein from the from tape-stripped samples with MB by 

boiling for 5 min; (ii) Protein determination by BCA assay; (iii) addition of 4×

SDS sample buffer (1:3, 25%), without boiling, but with vortexing; (iv) western 

blotting.
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Western blotting

After protein extraction using modified buffer, the total protein concentration was measured 

using a bicinchoninic acid assay (Sigma-Aldrich, St. Louis, MO). The protein samples were 

separated by SDS-PAGE and transferred onto nitrocellulose membranes. After blocking 

with 5% skim milk in Tris-buffered saline containing 0.1% Tween-20, the membranes were 

incubated with antibodies specific for corneodesmosin (CDSN) (AbNova, Taipei, Taiwan), 

desmoglein-1 (DSG-1), kallikrein-1 (KLK-7), caspase-14, blood types A, B, and H2 (Santa 

Cruz Biotechnologies, Santa Cruz, CA, USA), and desmocollin-1 (DSC-1) (R&D Systems,

Minneapolis, MN, USA). The membranes were washed using Tris-buffered saline with 0.1% 

Tween-20 and incubated with the secondary antibodies. The signals were detected using 

enhanced chemiluminescent solution (Super Signal West Pico/Femto; Thermo Scientific).

Immunofluorescence staining

The samples of stratum corneum obtained from the double-sided adhesive tape were 

blocked on slides using ultravision protein block (Thermo Scientific) for 10 min. The slides 

were then washed with 1× PBS for 10 min. The following diluted primary antibodies were

used: anti-CDSN (6:300) (Ab Nova, Taipei, Taiwan), anti-DSG1-P23 (ProGen, Heidelberg, 

Germany) (0.6:300), anti-DSC-1 (1.5:300) (R&D System, Minnesota, USA), anti-KLK7 

(12:300), anti-A blood type, anti-B blood type, and anti-H blood type (12:300) (Santa Cruz, 

California, USA). The slides were then washed again using 1× PBS. The secondary 

antibodies were used as follows (Invitrogen): anti-mouse Alexa 594Ò for CDSN, DSG-1, 
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KLK-7, and blood types A and B; anti-rat Alexa 488Ò for DSC-1 and blood type B. The 

slides were mounted on a Shandon Immu-Mount (Thermo Scientific).

Based on the classification reported by Igawa et al., the immunofluorescence staining of the 

stratum corneum samples was characterized into four types: (i) peripheral: the stained dots 

were distributed in a linear pattern at the cell peripheral area; (ii) sparse diffuse: the dots 

were observed sparsely throughout the cell surface; (iii) dense diffuse: diffuse dots covered 

the entire cell surface; (iv) partial diffuse: diffuse staining was observed in up to half of the 

cell surface, with the other surface areas showing different patterns.66

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 25. The Wilcoxon signed-

rank test was used to compare paired samples, while the Mann-Whitney U-test was used for 

non-paired samples. P-values < 0.05 were considered statistically significant. 
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RESULTS

The medical records of 24 patients (12 female and 12 male) with a median age of 49 years 

(ranging from 27 to 82 years) were reviewed and their corresponding IGA scores were 

analyzed. However, the correlation level was not statistically significant when paired to the 

protein expression level in the tape-stripped samples of stratum corneum. The demographic 

characteristics of the study subjects are provided in Table 1. 

Table 1. Demographic data of patients with nummular eczema and their IGA 

score characteristics.

Characteristic Value

Sex, n(%)

     Female 12 (50%)

     Male 12 (50%)

Age, years, median (range) 49 (27-82)

IGA score, median (range) 4(3-5)
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Corneodesmosin (CDSN) expression was higher in lesional skin compared 

to non-lesional skin 

Human corneodesmosin (CDSN) is a 52- to 56-kDa basic glycoprotein specific to the 

cornified epithelia and the inner root sheath of hair follicles. CDSN was first detected in the 

keratinocytes of the uppermost spinous layer and granular layer. It is also present in the 

extracellular region of granular keratinocyte desmosomes and remains in these structures 

after their transformation into corneodesmosomes.22 Moreover, corneodesmosin is 

proteolyzed (from 52–56 to 33 KDa) during SC maturation.67 The tape-stripped samples 

from the nummular eczema patients showed a higher expression of corneodesmosin (CDSN) 

in lesional skin than non-lesional skin in the same patient (Wilcoxon signed-rank test: p =

0.05), with an increased expression compared to healthy skin (Mann Whitney-U Test, non-

paired samples: p = 0.01). Immunofluorescent staining showed a peripheral pattern in the 

healthy and non-lesional skin, whereas lesional skin staining showed a disorganized and 

dense diffuse pattern (Fig. 3).
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Figure 3. Corneodesmosin expression in nummular eczema skin significantly 

increased compared to healthy skin.

(A) Ponceau staining was used as a loading control. (B) CDSN expression in the 

western blots of healthy subjects (1-4). Nummular eczema samples (5-8) were 

paired within the non-lesional (NL) and lesional (L) skin samples. (C) Each level 

of CDSN protein was normalized to that of the corresponding Ponceau staining. 

The data represent the mean ± standard error of the mean (SEM). #p < 0.05 versus 

the non-lesional nummular eczema (Wilcoxon signed-rank test); *p < 0.05 versus 

the healthy group (Mann-Whitney U-test); nummular eczema patients (n = 17) and 

healthy subjects (n = 15). (D) Immunofluorescent images of corneodesmosomal 

components in tape-stripped healthy corneocytes, nummular eczema non-lesional

corneocytes, and lesional corneocytes (n = 3 slides for each group). 
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Desmoglein-1 (DSG-1) expression was higher in lesional skin compared to 

non-lesional skin 

Desmoglein-1 is a member of the desmosomal cadherin family. It is expressed in the 

superficial layers of the epidermis. Intact and functionally active desmoglein-1 is essential 

to epidermal integrity. The intact form of desmoglein can be observed around 165~100 

KDa.68 Several fragmented forms of this proteins are observed around 50-70 KDa. The 

tape-stripped samples obtained from the nummular eczema patients were found to have a 

higher expression of fragmented desmoglein-1 (DGS-1) in lesional skin (Wilcoxon signed-

rank test: p = 0.000). Higher levels of protein expression were found in the lesional and 

non-lesional nummular skin samples compared to the healthy controls (Mann-Whitney U-

test: p = 0.000 and p = 0.02, respectively). The corneodesmosome staining patterns were 

abnormal in the lesional skin group, presenting both a dense diffuse pattern and a partial 

diffuse pattern. The non-lesional skin showed a predominantly peripheral pattern mixed 

with the partial diffuse pattern, while healthy skin presented mainly the peripheral pattern

(Fig. 4).



17

Figure 4. Desmoglein-1 (DSG-1) expression is increased in the lesional skin of 

nummular eczema patients. 

(A) Ponceau staining was used as a loading control. (B) DGS-1 expression in the 

western blot (1–4) healthy samples, lines (5–8) nummular eczema skin was paired 

within non- lesional and lesional skin (NL-L). (C) DSG-1 expression was 

normalized to each ponceau staining. Results are presented as the mean ± standard 

error of the mean (SEM) #p < 0.05 versus the non-lesional nummular eczema 

(Wilcoxon signed-rank test); *p < 0.05 versus the healthy group (Mann-Whitney 

U test), nummular eczema patients lesional skin n=18, control n=15; **p < 0.05 

versus the healthy group (Mann-Whitney U test) nummular eczema patients non-

lesional skin n=18, control n=15. (D) Immunofluorescent images of 
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corneodesmosomal components in tape-stripped healthy corneocytes, nummular 

eczema non-lesional, and lesional corneocytes, n=3 slides for each group. 
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Desmocollin-1 (DSC-1) expression was higher in lesional skin compared 

to non-lesional skin 

The desmosomal cadherin, desmocollin-1 mediates adhesion in desmosomes it is one of the 

principal types of intercellular junction in epithelia and cardiac muscle, providing strong 

adhesion to resist abrasion in keratinized epithelia. DSC-1 molecular weight is an 

approximately 95-110 KDa in its complete form.69,70 DSC-1 showed a significantly 

increased expression of the cleavage form of the protein in the lesional skin versus non-

lesional skin, » 50KDa (Wilcoxon signed-rank test p= 0.003) when compared to non-

lesional skin, and versus the healthy group (Mann-Whitney U test p= 0.003). In 

immunostaining, the peripheral pattern was present in the healthy and non-lesional skin, 

whilst lesional skin staining showed a dense diffuse pattern (Fig. 5).
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Figure 5. Desmocollin-1 (DSC-1) expression is increased in the lesional skin of 

nummular eczema patients.

(A) Ponceau staining was used as a loading control. (B) DSG-1 expression in the 

nitrocellulose membrane. (1-4) healthy subjects, (5-8) nummular eczema samples 

were loaded next to each other as non-lesional and lesional (NL-L) samples to 

compare the levels of protein expression. (C) DSC-1 expression was normalized to 

Ponceau staining. The results are presented as the mean ± standard error of the 

mean (SEM) #p < 0.05 versus the non-lesional nummular eczema (Wilcoxon

signed-rank test); patients (n = 18) and healthy subjects (n = 15). *p < 0.05 versus 

the healthy group (Mann-Whitney U-test); lesional skin of nummular eczema 

patients (n = 18) and control (n = 15). (D) Immunofluorescent images of DSC-1 in 

tape-stripped corneocytes (n = 3 for each group).



21

Kallikrein-7 showed increased expression in lesional skin

The levels of kallikrein-7 (KLK-7) expression in the lesional skin showed a statistically 

significant increase on the nitrocellulose membranes when compared to non-lesional skin 

(Wilcoxon signed-rank test: p = 0.006) and healthy skin (Wilcoxon signed-rank test: p =

0.001). After immunostaining, a peripheral pattern was observed in the healthy and non-

lesional skin, with a small presence of the partial diffuse pattern. The staining of the 

lesional skin showed a dense diffuse pattern (Fig. 6). 
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krein-7 expression is increased in the lesional skin of nummular eczema 

patients. 

(A) Ponceau staining was used as a loading control. (B) Western blotting showing 

the loading of healthy skin (1-4), non-lesional (NL) skin, and lesional (L) skin 

samples next to each other in order to compare the levels of protein expression (5-

8). (C) The results are presented as the mean ± the standard error of the mean 

(SEM). #p < 0.05 versus the non-lesional nummular eczema (Wilcoxon signed-

rank test); *p < 0.05 versus the healthy group (Mann-Whitney U-test); nummular 

eczema patients (n = 18) and normal skin (n = 15). (D) Immunostaining of healthy, 

nummular eczema non-lesional, and nummular eczema lesional skin. The main 

patterns are the peripheral and the dense diffuse pattern (n = 3).
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Caspase-14 expression was higher in lesional skin compared to non-

lesional skin

The nitrocellulose membranes showed that the expression of caspase-14 in the nummular 

eczema skin samples was significantly increased. Caspase-14 expression in the lesional 

skin was significantly higher than in the non-lesional skin (Wilcoxon signed-rank test: p =

0.005) or healthy skin (Mann-Whitney U-test: p = 0.013 for lesional and p= 0.035 for non-

lesional) (Fig. 7).
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Figure 7. Caspase-14 expression is increased in the lesional skin of nummular 

eczema patients.

(A) The expression of caspase-14 protein was normalized to that of the 

corresponding Ponceau staining. The data represent the mean ± standard error of 

the mean (SEM). #p < 0.05 versus non-lesional nummular eczema (Wilcoxon

signed-rank test); *p < 0.05 lesional versus healthy skin, **p < 0.05 non-lesional 

skin versus the control group (Mann-Whitney U-test); nummular eczema subjects 

(n = 18) and healthy subjects (n = 15). (B) Ponceau staining was used as a loading 

control. (C) Protein expression according to western blotting.
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Lympho-epithelial Kazal-type inhibitor was only found in lesional skin 

The lympho-epithelial Kazal-type inhibitor in its ~30 KDa form was only found in the 

lesional skin obtained from patients with nummular eczema. This form corresponds to the 

D7-D9 polypeptide derived from the central portion of the proprotein that is capable of 

blocking the KLK-mediated degradation of DSG1.37 A statistical analysis of this data was 

not performed due to being unable to retrieve the antibody in the non-lesional skin or 

healthy skin (Fig. 8).
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Figure 8. LEKTI was only expressed in the lesional skin of nummular eczema 

patients. 

(A) Nitrocellulose membrane with Ponceau staining. (B) Expression of LEKTI in 

the western blot. The experiment was repeated 3 times with the corresponding 

samples (n = 17) and their respective controls (n = 15).
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The expression of ABH antigens did not show differences between 

nummular skin and healthy skin

The ABO blood group antigens (ABH antigens) are carbohydrate antigens. They are 

synthesized by the stepwise addition of carbohydrate chains. In cells with type-2 chains 

(Galβ1–4GlcNAcβ1–), such as keratinocytes, which are common precursors attached to 

lipids or proteins, they are synthesized by the orderly action of β-1,4-galactosyltransferase 

(B4GALT)6, β-1,3-N-acetylglucosaminyltransferase (B3GNT)5, and B4GALT1, 2, 3, and 

4. The H antigen is synthesized by fucosyltransferase (FUT)1 via the addition of l-fucose. 

In blood type A or B, the subsequent addition of N-acetyl-d-galactosamine or d-galactose 

by A or B transferase, as polymorphisms of the ABO gene only have four different amino 

acids, results in the A or B antigen, respectively.13,71
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Figure 9. H antigen expression in nummular eczema and healthy skin.

(A) Ponceau staining was used as a loading control (B) H antigen expression on 

the western blot membrane. (C) Each level of H antigen was normalized to that of 

the corresponding Ponceau staining. The data represent the mean ± standard error 

of the mean (SEM). No statistical significance was found between nummular 

eczema subjects (n = 6) and healthy subjects (n = 6). (D) Immunofluorescent 

staining (n = 3).
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Figure 10. B antigen expression in nummular eczema and healthy skin.

(A) Ponceau staining was used as a loading control. (B) B antigen expression on 

the western blot membrane. (C) Each level of B antigen was normalized to that of 

the corresponding Ponceau staining. The data represent the mean ± standard error 

of the mean (SEM). No statistical significance was found between nummular 

eczema subjects (n = 6) and healthy subjects (n = 6). (D) Immunofluorescent

staining (n = 3).
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Figure 11. A antigen expression in nummular eczema and healthy skin. 

(A) Ponceau staining was used as a loading control. (B) A antigen expression on 

the western blot membrane. (C) Each level of A antigen was normalized to that of 

the corresponding Ponceau staining. The data represent the mean ± standard error 

of the mean (SEM). No statistical significance was found between nummular 

eczema subjects (n = 6) and healthy subjects (n = 6). (D) Immunofluorescent

staining (n = 3).
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DISCUSSION

In the present study, I developed a novel method for the extraction of protein from tape-

stripped skin samples. The amount of protein extracted and the corresponding expression 

levels were subsequently determined using western blotting and immunofluorescent 

staining.

In this method, the buffer represents a fundamental tool. It is the first step of the protein 

extraction technique, inducing the chemical breakdown of cell membranes and 

compartments, allowing the target molecules to escape from the cells. Here, I examined 

three different types of buffer-based protocols commonly used for tape-stripped skin 

samples: (i) RIPA buffer, (ii) a PBS-based buffer with sonication, and (iii) SDS-based lysis 

buffer. However, during the set-up phase, these buffers were unable to effectively transfer 

the corneum envelope proteins onto the nitrocellulose membrane; trials with PBS-based 

buffer and sonication were also of poor quality (Fig. 1), contrary to previous results.54,72

This was most likely due to the structural compactness of the horny layer structure with 

strong adhesion machinery in the cornified envelope. There is, therefore, an urgent need for 

the development of a highly efficient buffer for use in the extraction of proteins. 

To meet this need, I attempted to develop a novel SDS-based lysis buffer system as a 

method to be used to determine protein amounts. First, because the colorimetric 

measurement of absorbance was used, the bromophenol blue was removed from the buffer

because, due to its color, it hampered the use of the colorimetric measurement of 

absorbance. The BCA protein assay was found to be able to determine the amount of 

protein expression when SDS-based lysis buffer without b-mercaptoethanol was used (Fig 

2C). Next, the tape-stripped samples were boiled. Subsequently, the BCA protein method 

was used, as this method has the lowest inhibitory effect when used with detergents 
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compared to other methods. Other protein determination methods, such as the Bradford 

protein assay or UV absorbance-based method, did not work due to interference in the

assay, even when using the buffer without b-mercaptoethanol. 

For the western blot analysis, the addition of 4× SDS buffer containing bromophenol blue 

and b-mercaptoethanol was found to result in the normal running of an SDS-PAGE gel, 

allowing for the transfer of the target proteins onto the membrane without additional 

boiling. As a result, it was possible to obtain a sufficient level of protein expression in the 

blotting membrane (Fig. 2C).

Our results indicate that this protocol is broadly applicable for the study of tape-stripped 

samples and for western blotting analysis, allowing for a better understanding of the 

structure and function of horny layer proteins. The use of this innovative protocol may be

highly useful in the blotting of corneum envelop proteins onto nitrocellulose membranes. 

The reproducibility of this process has been demonstrated in this study.

This study analyzes the stratum corneum, the final product of keratinization, which is 

representative of the condition of the epidermis, and the balance between the desquamation 

and maturation of the skin. Normal skin and nummular eczema skin samples of the upper 

stratum corneum were analyzed by the tape stripping technique.

Desmosomes are specialized and highly ordered membrane domains that mediate cell–cell 

contact and adhesion. The adhesive interactions of the desmosomes are coupled with the 

intermediate filament cytoskeleton. By mediating both cell–cell adhesion and cytoskeletal 

linkages, the desmosomes mechanically integrate cells within tissues, thereby providing a 

resistance against mechanical stress.69,73-75 Desmosomes are modified throughout the 

processes of upward maturation to the corneodesmosomes. This progression is mediated by 

proteins and proteases secreted in the second layer of the stratum graulosum.20 In healthy 

skin, this process is balanced.
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In atopic dermatitis (AD), a well-known and widely studied disease, this balance is 

disturbed, as shown by Igawa et al. (2013), who found that the levels of corneodesmosome

degradation were reduced by identifying changes in the expression of desmoglein-1, 

desmocollin-1, and corneodesmosin throughout the surface of stratum corneum AD 

corneocytes.66 Furthermore, despite an increase in KLK-7 expression, the incomplete 

secretion and processing of KLK-7, accompanied with an increase in the expression of its 

inhibitor, LEKTI, was observed in the skin of patients with AD.76-78 These alterations in 

corneodesmosome degradation may account for the mechanism underlying hyperkeratosis 

in AD.33 In this study, immunofluorescence staining showed a broad range of expression 

intensities in the lesional skin, which were similar to the western blotting results, 

suggesting abnormal corneodesmosome degradation.24,33

The increases in the expression of corneodesmosomal proteins in the lesional skin of 

nummular eczema patients, namely CDSN, DSG-1, DSC-1, KLK-7, and caspase-14, were 

found to be statistically significant (Fig. 3, 4, 5, 6, and 7). However, it is worth noting that 

LEKTI was only found to be expressed in the lesional skin samples (Fig. 8). These findings 

suggest that the balance between the desmosomal protein-degrading proteases and their 

inhibitors is abnormal in the lesional skin. Moreover, the assembly of desmosomes was 

found to be erroneous, which eventually leads to a reduction in adhesive strength and an 

increase in desquamation. 

By contrast, the changes in ABH antigens did not show any statistically significance 

between the lesional, non-lesional, and healthy skin samples. (Fig. 9, 10, 11). In a previous 

study from my laboratory, the epidermal expression of ABH antigen in granular layer 

keratinocytes was found to be completely reduced by the acute UV irradiation of human 

skin.15 In addition, in unpublished data of my laboratory, the expression of ABH antigen in 

the granular layer keratinocytes of lesional and non-lesional skin from atopic dermatitis 
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patients was markedly reduced in most patients. However, in the samples used in this study,

I was unable to find any significant differences between the corneodesmosomal proteins 

and their regulators.

In order to understand the effect of this increase in the expression of cleavage proteins, as 

well as the decrease in corneodesmosome degradation, on the architecture of the stratum 

corneum, I performed immunofluorescence on the upper layer of the skin. The resulting 

staining showed aberrant patterns of corneodesmosomal components in the tape-stripped 

corneocytes obtained from lesional skin. Furthermore, contrary to previous studies,33,66

non-lesional skin patterns were close, pattern-wise, to those of healthy skin. 

The usual honey comb pattern observed in the immunofluorescence of healthy skin samples 

was found to be completely irregular and diffuse in the lesional samples obtained from 

patients with nummular eczema. This can be explained by the increase in the expression of 

fragmented corneum envelop proteins, which results from an imbalanced skin maturation

process.

In this study, I determined the levels of protein expression in the stratum corneum samples 

of healthy and nummular eczema patients, obtained using the tape stripping method. 

However, because I was unable to obtain skin tissue samples from patients with nummular 

eczema, I was not able to analyze the differences in the mRNA expression levels of 

corneodesmosomal proteins and their related proteases and inhibitors. In addition to my 

observation that the expression of corneodesmosomal proteins is increased in the lesional 

skin of patients with nummular eczema, most likely due to reduced desquamation because

of increased LEKTI expression (Fig. 8), the transcriptional upregulation of 

corneodesmosomal proteins may contribute to disorganized SC maturation. Further analysis 

of the transcriptional differences will be needed in future studies. 
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In conclusion, this study demonstrates that the architecture of the stratum corneum is 

compromised in the lesional skin of patients with nummular eczema. The lack of the typical 

honeycomb pattern in diseased corneocytes was demonstrated by immunofluorescence 

staining. Clinically, this is observed as erythematous, desquamative, and exudative lesions. 

The results presented in this study indicate that the maturation of corneodesmosomes is not 

fully achieved in nummular eczema, similar to the changes in the corneodesmosomal 

proteins observed in atopic dermatitis. In particular, an increase in the expression of LEKTI 

in the lesional skin may contribute to an increase in the amount of fragmented proteins and 

a delay in skin desquamation.
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ABSTRACT IN KOREAN

화폐상 습진(Nummular eczema)은 특히 다리, 팔뚝 및 손등을 포함하여 수포가 있는

단일 또는 복수의 가려운 동전 모양의 홍반이 나타나는 것이 특징이다. 1845 년에

Rayer가 처음 기술하였고, 1857년에 Devegie가 용어를 도입했지만, 오랜 역사에도

불구하고이질환에대한연구는매우적은편이다. 

화폐상 습진은, 빈번하게 발생하지만 그 발생 기전이 명확히 밝혀져 있지 않으므로, 

치료 방법도 스테로이드 연고의 도포 정도에 불과하다. 따라서 더 나은 치료방법의

개발을 위해서는 이러한 질환들에 대한 더 깊은 이해가 필요하므로, 본 연구를 통해

화폐상 습진의 발병 기전과 치료 방법 개발을 위한 연구에 대한 기초 지식을 얻고자

한다. 피부 생검은 피부 장벽 기능 뿐만 아니라, 면역학적 변수에 대한 연구에도

사용되지만, 조직을 떼어내는 것에 대한 환자의 부담이 크기 때문에, 보다 위험이

적은 테잎박리법(Tape stripping method)이다양한피부질환에서활용되고 있고, 특히

각질층의연구에가치가있음이입증되고있다.

본 연구에서는, 피부 화폐상 습진의 병리학적인 특징을 파악하기 위해, 임상적 특징

관찰, 피부 각질층의 구조 및 관련 단백질의 변화, 테잎박리법을 이용한 비침습적

분석방법등을통해피부화폐상습진의질환에따른분자생물학적변화를분석하고, 
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또한 주요 변화의 검출 방법을 확립하여, 이들을 바탕으로 한 질환의 분석 및

진단에의적용이가능한지를확인하고자하였다.

이를 위해, 24 명의 화폐상 습진 환자들과 15 명의 정상인들로부터 정상 피부 또는

질환 피부의 각질층을 테잎박리법으로 얻었으며, 이 샘플들을 활용하여 단백질

분석을 수행하기 위해, 단백질 정량과 웨스턴 블랏 분석이 가능한 새로운 단백질

추출방법을개발하였고, 이방법을이용하여각질층의여러가지단백질들의발현을

비교분석하였다.

정상인 및 화폐상 습진 환자들의 각질층에서의 각질교소체(Corneodesmosome) 구성

단백질과 각질 탈락 조절 인자 등(CDSN, DSG-1, DSC-1, KLK-7, Caspase-14, 

LEKTI)의 단백질 발현 정도를 비교하였을 때, 정상 피부에 비해 환자들의 피부에서

더 높은 발현을 나타냈으며, 특히 많은 경우에, 환자들의 병변 피부에서 환자들의

비병변피부또는정상인들의건강한피부와비교했을때앞에서언급된단백질들의

발현이 더욱 증가했다. 한편, LEKTI 의 발현은 단지 환자들의 병변 피부 샘플에만

발현이증가하는것으로나타났다. 

또한, 각질층의 테잎박리샘플에서, 형광면역조직염색법을 이용해 각질교소체 구성

단백질과 각질 탈락 조절 인자 등(CDSN, DSG-1, DSC-1, KLK-7, Caspase-14, 

LEKTI)의 발현 양상을 관찰하였을 때, 비병변 부위와 정상 피부에서는 일반적으로
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잘 알려진 벌집 모양과 유사한 옆방향의 세포경계면에서의 발현 양상을 보였으나, 

화폐상 습진 환자의 병변 부위에서 각질교소체의 구성 단백질들의 발현이 전체적

또는 부분적으로 두터워지거나, 옆방향의 세포경계면에서의 발현 뿐만 아니라, 

가운데부분에도발현이채워지는양상을보였다.

따라서이러한 결과들을종합해볼 때, 본 연구에서는, 화폐상습진의 병변및 비병변

부위의 각질층에서, 각질교소체 구성 단백질 및 각질 탈락 조절 인자들의 발현

변화가 특징적으로 나타남을 새로이 규명하였으며, 이러한 변화는, 본 연구

수행과정에서 개발한 단백질 추출법을 통한 웨스턴 블롯 분석과

형광면역조직염색법을, 비침습적인 테잎박리 샘플에 적용하여 분석이 가능함을

확인하였다. 

이러한 결과는 아토피피부염에서 관찰되는 각질교소체 구성 단백질 및 각질 탈락

조절인자들의발현변화와상당히유사하며, 특히병변에서의 LEKTI의발현증가에

따른 각질 탈락 효소들의 활성 억제가 각질교소체 구성 단백질들의 분해를 막아

단백질 양의 증가를 야기하고 각질 탈락을 지연함으로써, 병변에서의 각질 탈락

이상에기여할것으로추정된다.
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