Molecular Medicine REPORTS 21: 2227-2235, 2020

Non‑invasive proteome‑wide quantification of skin
barrier‑related proteins using label‑free LC‑MS/MS analysis
MENGTING LIU1,2*, JING ZHANG1,2*, YAOCHI WANG1,2, CONG XIN1,2, JIE MA1,2, SHUANGJUN XU1,2,
XIAOMENG WANG1,2, JINPING GAO1,2, XUEJUN ZHANG1,2 and SEN YANG1,2
1

Department of Dermatology, The First Affiliated Hospital, Anhui Medical University; 2Key Laboratory of Dermatology,
Anhui Medical University, Ministry of Education, Hefei, Anhui 230032, P.R. China
Received August 6, 2019; Accepted February 6, 2020
DOI: 10.3892/mmr.2020.11020

Abstract. A number of epidermal proteins are closely related
to skin barrier function, the abnormalities of which can lead
to specific skin diseases. These proteins must be quantified
to further investigate the changes in the skin barrier between
healthy and disease states. However, the non‑invasive and
proteome‑wide quantification of skin proteins without any
labelling steps remains a challenge. In this study, 3M medical
adhesive tapes were used to obtain skin samples from
volunteers. Proteins were extracted from fresh skin samples
and digested with trypsin. Each tryptic peptide was analysed
in three replicates using liquid chromatography with tandem
mass spectrometry analysis and label‑free quantification.
The data were searched against the Human Universal Protein
Resource (UniProt) to match with known proteins. Using
this method, 1,157 skin proteins recorded in the UniProt
were quantified. A total of 50 identical proteins were identified in the three replicate analyses of all samples with no
significant differences in abundance. The results provided an
objective metric for further study of skin ageing and various
skin diseases. Specifically, the non‑invasive proteome‑wide
method used in this study can be applied to future studies of
skin diseases related to barrier destruction by monitoring the
changes in the levels of epidermal proteins.
Introduction
The stratum corneum (SC) is the outermost layer of the
epidermis and is required for barrier function to retain
moisture in the skin and protect the skin from external
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invasion (1,2). If the barrier integrity or function is disrupted,
water in the dermis and epidermis will be lost, the balance
of the skin microecology will be disrupted (3), and hostile
factors from the external environment will easily invade the
skin, leading to skin ageing and the occurrence of various skin
diseases (1,2,4).
Numerous functions of the skin barrier, including structural, regulatory, hygroscopic and signalling functions, rely
on epidermal proteins (5,6). Keratins, cytoskeletal proteins
of the skin, are responsible for constituting stable keratin
cytoskeletons that maintain stable intercellular adhesion and
cell rigidity (6,7). Filaggrin (FLG) and FLG2 are critical for
bundling keratins to form dense keratin filaments and attain
flat squames in the cornified layer (8). Caspase‑14 is involved
in processing FLG precursors to produce natural moisturizing
factors (NMFs) (9). During cornification, loricrin (LOR), S100
proteins, involucrin, the late cornified envelope (CE) family
of proteins and hornerin (HRNR) are cross‑linked by transglutaminase (TGM) to form a strong, indissoluble CE, which
functions as a barrier for the skin against the external environment (2,8). At sites of attachment to the hemidesmosome and
desmosome, the junction plakoglobin (JUP), plectin, desmoplakin (DSP), desmoglein1 (DSG1), desmocollin1 (DSC1)
and corneodesmosin (CDSN) proteins are responsible for
maintaining the mechanical integrity of the epidermal barrier
by binding the intermediate filaments (IFs) to the cornified
cells (10‑13). Abnormalities of these skin barrier‑related
proteins can lead to disruptions in skin barrier function and
have been verified to be associated with multiple skin diseases,
including atopic dermatitis (AD) (1,2), ichthyosis (8) and
bullous disease (14).
The present study describes a non‑invasive, quantitative
method to analyse epidermal proteins in healthy individuals
using liquid chromatography‑tandem mass spectrometry
(LC‑MS/MS) analysis, in combination with the most convenient sampling method: tape stripping. LC‑MS/MS is a
high‑throughput quantitative technique that can be used to
analyse large numbers of proteins in human tissues (15).
In the present study, LC‑MS/MS analysis was performed
on an EASY 1200 nanof low liquid chromatography
(EASY‑nLC™ 1200) instrument coupled to a Q Exactive™
HF‑X mass spectrometer. Q Exactive HF‑X is the most
recently developed MS instrument in the benchtop Orbitrap
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series, with a novel peak selection algorithm and a bright
ion source that can efficiently capture MS/MS data above
40 Hz at a resolution of 7500 (16). MaxLFQ was also used,
a novel intensity determination and normalization procedure
for label‑free quantification based on the intensities of the
precursor ion signals. In addition, the label‑free quantification method was coupled with accurate quantitative standard
statistical methods to quantify thousands of proteins without
any labelling steps, and reduce undesirable biases associated
with the additional steps (17).
Materials and methods
Study participants. Skin samples were collected from two
healthy Chinese females (aged 25‑35 years with a mean age
of 29 years) from Anhui Medical University on September 2,
2017. The study was performed between September 2017
and January 2018. Individuals whose history indicated tape
allergies, skin diseases or other systemic diseases involving
the skin were excluded from the study. No topical emollient
or other cosmetics were used 24 h before the experiment. This
study was conducted in accordance with the recommendations of the Medical Ethics Committee of Anhui Medical
University, and written informed consent was obtained from
all included subjects.
Materials. Sodium dodecyl sulfate (SDS), sodium phosphate,
67% ethanol, dithiothreitol, iodoacetamide, ammonium
bicarbonate, trifluoroacetic acid (TFA; ≥99.0% purity), and
mass acetonitrile (ACN; Sigma‑Aldrich; Merck KGaA).
Sequencing‑grade modified trypsin was obtained from
Promega Corporation. 3M™ Empore™ C18 47 mm extraction discs, Model 2215, Pierce™ C18 tips, a 10 µl bed, a
Thermomixer unit (MS‑100), CentriVap, rotor, cold trap,
vacuum pump, glass bottle, translucent solvent‑absorbing
trap, ammonia‑absorbing trap stuffing and vacuum tube kit
(Thermo Fisher Scientific, Inc.). A 10 K 1.5 ml ultrafiltration
device (flat base) was obtained from Pall Corporation. The
Q Exactive HF‑X instrument and the EASY‑nLC 1200 system
were obtained from Thermo Fisher Scientific, Inc. Unless
stated otherwise, all materials were purchased from Thermo
Fisher Scientific, Inc.
Sample preparation. The volar forearm skin was cleaned by
gentle swabbing with a sterile cotton ball, after which 3M
medical adhesive tape was used to remove the skin layers from
the volar forearm area. All skin samples were sequentially
collected from the same site. The procedure was conducted
by the same technician on all volunteers during the study to
minimize variations.
Protein extraction, digestion and clean up. Each tape was
transferred (adhesive side towards the centre) to a sterile 15 ml
plastic tube containing a 2% SDS solution in 0.1 mol/l sodium
phosphate (pH 7.8; buffer A). The tubes were incubated at
room temperature for 2 days. Then, cells that were dissociated from the tape accumulated at the bottom of the tubes.
Afterwards, the cells were removed by pipetting, rinsed twice
with 600 µl of buffer A solution, centrifuged at 8,000 x g
for 3 min at 4˚C, and then resuspended in 300 µl of buffer A

solution. Next, 15.8 µl of dithiothreitol was mixed into the cell
suspension. After incubation at 37˚C for 2 h, 35 µl of iodoacetamide was added. After incubation at 25˚C in the dark for
40 min, 900 µl of 67% ethanol was added to precipitate the
proteins, and then the protein pellets were washed twice with
67% ethanol. After centrifugation at 10,000 x g for 5 min at
4˚C, the protein was digested at 37˚C in 300 µl of ammonium
bicarbonate/10% ACN by adding 20 mg of trypsin every 24 h
until the enzymatic digestion was completed at ~72 h. The
digest was centrifuged at 8,000 x g for 2 min at 4˚C, 10% TFA
was added to the supernatant, and the solution was dried by
centrifuging at 8,000 x g for 20 min at 4˚C. Then, the residue
was re‑dissolved, desalted and concentrated to obtain the
peptide mixture.
LC‑MS/MS analysis. The resulting peptide mixture was
subjected to LC‑MS/MS analysis on an EASY‑nLC 1200
system coupled to a Q Exactive HF‑X mass spectrometer
(Thermo Fisher Scientific, Inc.); each peptide was analysed via
LC‑MS/MS in three replicates. The samples were loaded onto
a C18 µ‑precolumn and capillary analytical C18 column at a
flow rate of 0.3 µl/min with a pressure of 860 bar (12,470 psi).
The gradient of 80% ACN/ 0.2% TFA increased from 5 to
100% over a period of 60 min. Eluted peptides were analysed
using the Q Exactive HF‑X mass spectrometer with a nanoelectrospray ionization source and calibrated using tuned
instrument control software. The mass spectrometer was operated in positive ionization. The tuned spray voltage was set to
2 kV, the maximum spray current was set to 50, the S‑Lens RF
level was set to 60, and the capillary temperature was 275˚C.
In full MS scans, the resolution was set to 60,000 at a range of
350‑1500 m/z, and the AGC target was 3e6 with a maximum
IT of 20 ms. In subsequent scans, the fragments were analysed
at a resolution of 15,000, and the AGC target was set to 5e4
with an IT of 45 msec. An isolation window of 1.6 m/z and one
microscan were used to collect suitable tandem mass spectra;
the scan range was set to 200‑2,000 m/z. The AGC target
value for fragment spectra was set to 1e3, and the intensity
threshold was maintained at 2.2e4.
Data analysis. The raw data generated from the LC‑MS/MS
analysis and protein identification and quantification were
processed using Proteome Discoverer™ software 2.2 (Thermo
Fisher Scientific, Inc.). The data were searched against the
Human Universal Protein Resource (UniProt; version June
2017) (18) to match with known proteins. MaxQuant v1.5.8.3
software (19) was used to conduct the label‑free database
search with the uniqueness degree of ‘razor plus unique
peptides’. The MaxLFQ algorithm (17) was adopted to obtain
the final results for each sample, and the LFQ intensities were
determined as the full peak volume. To obtain the minimal
overall proteome variation, the protein quantities were
determined through a global normalization procedure after
summing up the intensities with normalization factors as free
variables (17).
Results
In the present study, three replicates of each peptide were analysed by LC‑MS/MS and the MaxLFQ algorithm. Using this
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Figure 1. Peak results from the first analysis of the three replicates of sample 1.

Figure 2. Peak results from the second analysis of the three replicates of sample 2.

method, 1,157 proteins included in UniProt were quantified. A
total of 50 skin barrier‑related proteins were detected in all skin
samples with no significant difference in LFQ intensities. After
the peptides were subjected to LC‑MS/MS analysis, the protein
peaks were obtained (Figs. 1‑4). The observed abundances of
the proteins are depicted as log2 median LFQ intensities, which
are the median LFQ intensity values of the three replicates of
each sample (Table I). These proteins were then divided into 12
groups according to their specific properties (Table I).

(type II). The LFQ intensities of K1, K2 and K10 were relatively higher than those of the other keratins (Table I).

Keratins. A total of 18 keratins were detected in the volar
forearm skin: K9, K10, K14, K16, K17, K23, K31, K33B, K34
(type I), K1, K2, K5, K6A, K6B, K77, K78, K80 and K86

Calcium‑binding proteins. In this study, the expression of
two calcium‑binding proteins was identified (S100A14 and
S100A16).

CE constituents and processing enzymes. The proteins that
constitute the CE, including FLG, FLG2, LOR, HRNR and
XP32, were detected in this study. Four enzymes related
to CE processing were also detected, including TGM1,
TGM3, arachidonate 12‑lipoxygenase (ALOX12B) and the
hydroperoxide isomerase ALOXE3 (ALOXE3).
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Actin‑binding protein. The expression of the neuroblast
differentiation‑associated protein AHNAK (AHNAK) was
also detected.
Discussion

Figure 3. Tandem mass spectrometry spectra of sample 1.

Figure 4. Tandem mass spectrometry spectra of sample 2.

Enzymes contributing to NMF generation. The expression
of bleomycin hydrolase, caspase‑14, arginase1 and histidine
ammonia lyase was detected; these contribute to the generation
of NMFs.
Protease inhibitors. Two protease inhibitors (serpin B12 and
α‑2‑macroglobulin‑like protein 1) were observed in the SC
obtained from the volunteers.
Proteins related to SC cohesion. In the present study,
6 proteins were detected, plectin, JUP, DSP, DSG1, DSC1
and CDSN, that are responsible for reinforcing the cohesion
of the SC.
Annexin. Annexin A2 was detected in this study.
Substance metabolism regulator. The expression of GAPDH
and zinc‑ α ‑2‑glycoprotein (ZAG), which participate in
regulating substance metabolism, were also detected.
Signal transduction proteins. Gasdermin‑A, keratinocyte
proline‑rich protein (KPRP) and extracellular matrix protein
1 (ECM1) were identified in this study.
Antioxidant related proteins/enzymes. The expression of
thioredoxin and catalase was observed, these are both related
to antioxidant activity.

As a barrier between the external and internal environment
of the human body, the major function of our epidermis is to
protect us from the hostile external invasion, such as ultraviolet radiation (UVR) and air pollutants (4,20,21). The main
cell type in the epidermis is the keratinocyte, which expresses
cytoskeletal proteins called keratins. The keratin family is a
primary subclass of the IF superfamily, contains 54 proteins
and is subdivided into 28 type I (K9‑K40) and 26 type II
(K1‑K8 and K71‑K86) IF proteins. Numerous members of
the keratin family are widely expressed in the epithelium, so
alterations in these keratins are predicted to be the underlying
causes of several epithelial diseases (22‑24). The expression
of 9 type I and 9 type II keratins were detected in the volar
forearm skin (Table I). These proteins have various functions, including stabilizing cytoskeletal elements, modulating
cellular metabolism, regulating cellular differentiation and
proliferation, as well as mediating inflammatory pathways (5‑7,25). The keratin pair K5/K14 is expressed in the
basal layer, and mutations in K5 or K14 cause 75% of the basal
subtypes of epidermolysis bullosa simplex (EBS) (14,26,27)
and a rare keratin disease known as Dowling‑Degos disease,
as well as its variant named Galli‑Galli disease (14,28). In the
initial stage of terminal differentiation, the keratin pair K1/K10
replaces the K5/K14 pair in the suprabasal layer. One of the
earliest proteins expressed during cornification, the K1/K10
pair is a significant scaffold protein that sequentially directs
the deposition and cross‑linking of CE proteins (7,24). If the
epidermal barrier is disrupted, the K1/K10 pair is consumed
to repair the injured tissue (29,30). In addition, mutations
in K1/K10 lead to ichthyosis, epidermolytic hyperkeratosis
and epidermolytic palmoplantar keratoderma (14,23). The
hyperproliferation‑related keratins, K6a, K6b, K16 and K17,
which have specialized roles in the inflammatory response
and wound healing, are biomarkers of psoriasis (31,32) and
cancers (33,34). When the epidermis is injured, nuclear factor
erythroid‑derived 2‑related factor 2 promotes the proliferation
of human keratinocytes by upregulating the expression of K6,
K16 and K17 (31,32). The expression of K9 was also detected,
which plays important roles in the response to stress and
contributes to enhancing mechanical strength (35).
In the SC, FLG and keratins interact with each other
to form a dense keratin fibre tract that serves as a strong
supportive scaffold for the construction of the CE, which
is the basis of the defensive epidermal barrier (8). In the
present study, the expression of FLG and FLG2 was detected
(Table I). FLG bundles keratin IFs to attain a flattened shape
of the cell during the terminal differentiation of the epidermis
and plays an important role in SC hydration. The dysfunction
of FLG can lead to AD (1,2,8,36) and ichthyosis vulgaris (37).
FLG2 is essential for maintaining intercellular adhesion in the
cornified layers and provides proper integrity and mechanical
strength to the SC. Mutations in FLG2 can cause peeling
skin syndrome type A, which is characterized by a superficial detachment of the epidermal cornified layers (38). The
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Table I. Log2 median LFO intensities of 50 skin‑barrier‑related proteins detected in the normal forearm skin.
LFQ intensities (medians)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Majority protein IDs
Protein names
Gene names
Sample 1
Sample 2
Keratins				
P13645
Keratin, type I cytoskeletal 10
KRT10
36.95459
P02533
Keratin, type I cytoskeletal 14
KRT14
31.31441
P08779
Keratin, type I cytoskeletal 16
KRT16
27.96714
Q04695
Keratin, type I cytoskeletal 17
KRT17
31.9048
P35527
Keratin, type I cytoskeletal 9
KRT9
32.05689
Q9C075
Keratin, type I cytoskeletal 23
KRT23
26.70504
Q15323
Keratin, type I cuticular Ha1
KRT31
27.02739
Q14525
Keratin, type I cuticular Ha3‑II
KRT33B
24.78502
O76011
Keratin, type I cuticular Ha4
KRT34
23.76223
P04264
Keratin, type II cytoskeletal 1
KRT1
36.64541
P35908
Keratin, type II cytoskeletal 2 epidermal
KRT2
37.13996
P13647
Keratin, type II cytoskeletal 5
KRT5
31.75963
P02538
Keratin, type II cytoskeletal 6A
KRT6A
26.15018
P04259
Keratin, type II cytoskeletal 6B
KRT6B
29.9709
Q7Z794
Keratin, type II cytoskeletal 1b
KRT77
30.76232
Q8N1N4
Keratin, type II cytoskeletal 78
KRT78
29.05447
Q6KB66
Keratin, type II cytoskeletal 80
KRT80
28.45615
O43790
Keratin, type II cuticular Hb6
KRT86
27.69677
CE constituents				
Q5D862
Filaggrin
FLG
29.40947
P20930
Filaggrin‑2
FLG2
24.93454
P23490
Loricrin
LOR
26.81913
Q86YZ3
Hornerin
HRNR
27.98104
Q5T750
Skin‑specific protein 32
XP32
29.76257
CE processing enzymes				
P22735
Transglutaminase 1
TGM1
27.61105
Q08188
Transglutaminase 3
TGM3
27.36745
O75342
Arachidonate 12‑lipoxygenase, 12R‑type
ALOX12B
27.79241
Q9BYJ1
Hydroperoxide isomerase ALOXE3
ALOXE3
25.4928
Calcium binding proteins				
Q9HCY8
Protein S100‑A14
S100A14
25.99766
Q96FQ6
Protein S100‑A16
S100A16
25.70376
Enzymes contributing to				
NMFs generation				
P31944
Caspase‑14
CASP14
25.40636
Q13867
Bleomycin hydrolase
BLMH
25.61336
P05089
Arginase‑1
ARG1
25.52211
P42357
Histidine ammonia‑lyase
HAL
26.91957
Protease inhibitors				
Q96P63
Serpin B12
SERPINB12
27.14705
A8K2U0
α‑2‑macroglobulin‑like protein 1
A2ML1
25.62439
Cornedesmosome				
constituents
P14923
Junction plakoglobin
JUP
24.98385
Q15149
Plectin
PLEC
23.68239
P15924
Desmoplakin
DSP
26.95593
Q02413
Desmoglein‑1
DSG1
29.14523
Q08554
Desmocollin‑1
DSC1
27.99108
Q15517
Corneodesmosin
CDSN
25.82845

36.93528
31.5455
28.47433
32.24141
32.9607
26.67815
26.21795
24.83408
24.07802
36.80581
36.82632
32.1306
26.35316
30.36661
30.73876
28.91809
28.4225
26.73221
29.98427
27.0202
27.16087
28.781
29.93143
26.87912
27.56856
27.72338
25.24318
25.62522
25.82092
25.44815
25.63619
25.33279
24.17463
26.9812
24.16
25.92189
22.36937
27.4182
29.43571
28.31514
25.97169
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Table I. Continued.
LFQ intensities (medians)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Majority protein IDs
Protein names
Gene names
Sample 1
Sample 2
Annexin				
P07355;A6NMY6
Annexin A2
ANXA2
27.51893
27.104
Substance metabolism				
proteins/enzymes				
P04406
Glyceraldehyde‑3‑phosphate
GAPDH
25.89973
24.53011
dehydrogenase			
P25311
Zinc‑α‑2‑glycoprotein
AZGP1
25.35336
25.00945
Signal transduction				
proteins/enzymes				
Q96QA5
Gasdermin‑A
GSDMA
25.79793
26.26551
Q5T749
Keratinocyte proline‑rich protein
KPRP
30.88103
30.98854
Q16610
Extracellular matrix protein 1
ECM1
24.89957
24.52139
Proteins involved in				
REDOX reactions				
P10599
Thioredoxin
TXN
26.88925
26.86361
P04040
Catalase
CAT
25.53703
25.25785
Actin binding proteins				
Q09666
Neuroblast differentiation‑associated
AHNAK
24.43657
24.1404
protein AHNAK			
CE, cornified envelope; NMFs, natural moisturizing factors.

expression of caspase‑14 and bleomycin hydrolase (Table I),
which can hydrolyse FLG monomers into free amino acids in
the cornified cell, was also detected. Then, NMFs, an important component required for SC hydration, are produced. The
high concentration of these hydrolysed amino acids helps
to retain the moisture and elasticity of the cornified layer.
Therefore, abnormalities in caspase‑14 and bleomycin hydrolase may affect the decomposition of FLG in the SC, leading
to reduced levels of NMFs and the subsequent loss of barrier
moisture function (8,9,36). This study also detected two other
enzymes, arginase‑1 and histidine ammonia lyase (Table I),
which also contribute to the production of NMFs, urea and
urocanic acid (36).
The CE is further reinforced by a series of structural
proteins, including LOR, S100 proteins and HRNR, which
are cross‑linked by TGMs. LOR, a major component of the
CE, constitutes 70% of the total protein mass (8). The expression of LOR was detected in the SC of healthy subjects.
Mutations in LOR may disrupt keratinocyte differentiation,
affect the formation and maturation of CE, and aggravate
skin barrier disorders, such as LOR keratoderma, palmoplantar keratoderma and psoriasis (39). S100 proteins belong
to the calcium‑binding protein family and are characterized
by their EF‑hand calcium‑binding domains, which play an
important role in keratinocyte differentiation and function as
antimicrobial peptides in the epidermis that protect the skin
from microbial invasion (40). Researchers have found that the
expression level of S100A in skin lesions of psoriasis patients is

higher than that of healthy individuals and is directly proportional to the severity of psoriasis (41). In the present study,
the expression of HRNR was detected in the volar forearm
skin. HRNR, FLG and FLG‑2 share amino acid homology
outside the S100 domain and thus have similar structures and
numerous common functions in barrier formation and maintenance. Similar to FLG expression, HRNR expression was
reduced in the epidermis of patients with AD, which might
contribute to the impaired epidermal barrier in patients with
AD (42,43).
In the present study, the expression of TGM1, TGM3 and
two lipoxygenases (ALOX12B and ALOXE3) were detected
in the healthy epidermis (Table I). TGMs provide a direct link
between the proteins and lipid components of the CE and
esterify ceramides to increase the hydrophobicity of the CE.
Therefore, the dysfunction of TGM1 may result in an inappropriate protein scaffold for deposition of the lipid barrier.
TGM3 is expressed in terminally differentiated keratinocytes
and is involved in the cornification process (8). Notably,
ALOX12B and ALOXE3 oxidize the linoleoyl moiety in
omega‑hydroxy ceramides, which are crucial for producing
the intermolecular organization necessary to maintain skin
barrier function (44).
Some proteins responsible for SC cohesion were also
identified, including JUP, plectin, DSP, DSG1, DSC1 and
CDSN (Table I). As a major component of the desmosome,
JUP is responsible for cell‑cell adhesion (45). Plectin plays a
vital role in binding to IFs and protecting cells from osmotic
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stress (46). At sites of attachment to the hemidesmosome,
the keratin filaments of basal keratinocytes are less tightly
bundled in the absence of plectin, which may result in the
occurrence of EBS (10,46,47). DSP contributes to maintaining
the mechanical integrity of the epidermal barrier by linking
the IFs to the plasma membrane at sites of attachment to the
desmosome. The absence of DSP in the epidermis can lead
to the collapse of the keratin cytoskeleton and weaken the
intercellular adhesion (11). By analogy to DSP, DSG1, DSC1
and CDSN are cross‑linked to the CE to form corneodesmosomes, which bind to cornified cells and further reinforce the
barrier function (12). The lack of DSG1 can cause pemphigus
vulgaris, indicating important roles for DSG1 in maintaining
intercellular adhesion and epidermal integrity (13).
Serpin B12, a member of the intracellular serine protease
inhibitors, was highly expressed in the normal forearm skin
in this study. It plays a cytoprotective role in skin barrier
function and has been shown to be a therapeutic target
for multiple disease processes (48). Another wide‑range
protease inhibitor, α‑2‑macroglobulin‑like protein 1, may be
implicated in maintaining the homeostasis of the epidermal
barrier as well as the immune defence process (49). As such,
α‑2‑macroglobulin‑like protein 1 is considered a target antigen
of paraneoplastic pemphigus (50).
In this study, the expression of annexin A2 was observed,
this protein functions in regulating fibroblast proliferation
and migration. It is hypothesized that Annexin A2 is involved
in skin keloid formation and may be a potential target for
therapeutic interventions of keloid lesions (51).
The expression of GAPDH and ZAG was also detected;
these are involved in substance metabolism. GAPDH not only
participants in glycolytic metabolism but also plays a critical
role in apoptosis and multiple cellular functions (52). Recently,
research has shown that GAPDH may be a prognostic
marker and therapeutic target for patients with cutaneous
melanoma (53). As an adipokine, ZAG can modulate lipid
metabolism, immune responses and skin barrier function in
AD, and is expected to be a biomarker and therapeutic target
of AD (54).
ECM1 consists of a signal peptide and four functional
domains, suggesting that this protein has signal transduction
functions (55). Another two signal transduction proteins,
Gasdermin‑A and KRRP, were also detected in this study.
Gasdermin‑A has multiple functions, including forming pores
in the cell membrane, transmitting inflammatory signals and
inducing apoptosis and inflammation (56). The definite function
of KRRP is not yet fully understood. Recently, Suga et al (57)
found that a decrease in KPRP can lead to dysfunction of the
skin barrier in AD, which revealed that KPRP may enhance
the immune responses in AD and could be a new target for
therapeutic interventions of AD.
In this study, the expression of thioredoxin and catalase were
also identified, which are involved in the antioxidant system.
The skin is constantly exposed to oxidative stress generated by
external factors including UVR, which may lead to premature
senescence (4). Thioredoxin plays a pivotal role in antioxidant
and antiapoptotic defence in the human epidermis (58,59).
Catalase is one of the most important antioxidant enzymes in
the process of skin ageing, and its decrease can lead to accelerated ageing of human skin (60). The expression of AHNAK
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was also detected, which is downregulated in melanoma cells
and may be a prognostic marker of melanoma (61).
In summary, the present study explored a non‑invasive
and proteome‑wide method for the quantification of skin
proteins. These results provided an objective metric for future
studies on monitoring changes in skin protein levels in the
context of skin ageing and skin diseases. Compared to the
commonly invasive skin biopsy and traditional methods of
protein identification, the tape stripping method combined
with LC‑MS/MS analysis and the MaxLFQ algorithm used in
the present study has the advantages of simple application, no
surgical trauma, no extra labelling steps, no requirement of a
reference standard, high throughput, high sensitivity and high
accuracy. These properties may allow this approach to be used
in future studies of skin diseases related to barrier destruction
by monitoring changes in the levels of epidermal proteins,
which may provide insight into the diagnosis, prognosis
and development of new targets for therapeutic intervention
of these skin diseases in the future. As a methodological
exploration, the present study still had some limitations.
First, the small sample size was not representative enough,
requiring more detailed studies in the future. Second, there
were inevitably errors in the process of sample collection and
processing, although everything was done to minimize the
effects of human factors.
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