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Abstract
Background: The skin is the largest organ in the human 
body and serves as a multilayered protective shield from the 
environment as well as a sensor and thermal regulator. How-
ever, despite its importance, many details about skin struc-
ture and function at the molecular level remain incomplete-
ly understood. Recent advances in liquid chromatography 
tandem mass spectrometry (LC-MS/MS) proteomics have 
enabled the quantification and characterization of the pro-
teomes of a number of clinical samples, including normal 
and diseased skin. Summary: Here, we review the current 
state of the art in proteomic analysis of the skin. We provide 
a brief overview of the technique and skin sample collection 
methodologies as well as a number of recent examples to il-
lustrate the utility of this strategy for advancing a broader 
understanding of the pathology of diseases as well as new 
therapeutic options. Key Messages: Proteomic studies of 
healthy skin and skin diseases can identify potential molecu-
lar biomarkers for improved diagnosis and patient stratifica-

tion as well as potential targets for drug development. Col-
lectively, efforts such as the Human Skinatlas offer improved 
opportunities for enhancing clinical practice and patient 
outcomes. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

In medicine, including dermatology, we have tradition-
ally relied on patients’ medical history and examination for 
the diagnosis and choice of treatments. However, over the 
last two decades, medical practice and clinical research have 
undergone a remarkable transformation fueled by techno-
logical breakthroughs, most notably in DNA sequencing. 
Decreasing sequencing costs and increasing speed and ac-
curacy have moved genetics and genomics into mainstream 
medicine. This has allowed the medical community to be-
gin to envision the future of personalized and precision 
medicine where each patient would receive care appropri-
ate to their individual physiology (physiome). Although the 
knowledge of individuals’ genetic makeup is a critical first 
step towards this goal, the full understanding and evalua-
tion of individual physiology would benefit from knowl-
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edge of the proteome, the list and quantities of all the pro-
teins present, as well as other readouts of physiology. This 
review will focus on proteomics, more specifically the re-
cent advances in proteomic analysis of the skin. We will first 
introduce the technology of proteomics, especially liquid 
chromatography tandem mass spectrometry (LC-MS/MS)-
based proteomics, as a clinically relevant strategy to diag-
nose and characterize disease as well as monitor response 
to treatment. We will provide comments on current state-
of-the-art methodology for sample collection and analysis, 
exemplified by the recently published “proteomic Skinat-
las” (http://skin.science) and discuss several examples of 
how MS-based proteomics can be used in the context of 
precision dermatology.

MS-Based Proteomics in Clinical Research and 
Practice

Proteomics is the study of proteins encoded by the ge-
nome of an organism and expressed at a given state [1–3]. 
The identification of the protein composition of clinical 
samples provides the opportunity to characterize diseases 
at a deeper level and leads to a broader understanding of 
the pathology of skin diseases; it also promotes the devel-
opment and evaluation of new therapeutic options. Given 
that proteins carry out cellular and tissue function, they 
more accurately define the disease state than genomics 
alone [4]. Additionally, in contrast to whole-genome 
analysis, the proteome is highly dynamic [3], as the ex-
pression of proteins reflects a balance of linked processes, 
from the transcription, processing, and degradation of 
mRNAs to the translation, localization, modification, and 
programed destruction of the proteins [5, 6]. Therefore, 
just knowing the identity of genes and/or the level at 
which they are transcribed, the transcriptome cannot ful-
ly predict protein abundance and function [5, 6]. More 
importantly, proteins are subject to an array of posttrans-
lational modifications, which introduce different types of 
moieties into proteins, ranging from small chemical 
groups, such as a phosphate, one of the most common 
modifications in cellular signal transduction, to attach-
ment of whole proteins, e.g., ubiquitin, in a process that 
regulates protein degradation and turnover. Understand-
ing protein composition structure and function may 
therefore also require a detailed analysis of protein prop-
erties such as posttranslational modifications, protein lo-
calization, protein synthesis and turnover rate, protein 
interaction, and tissue distribution, in addition to the rel-
ative or absolute abundance of proteins [3, 4, 7].

Currently, most clinical research and practice relies on 
antibody-based methods, such as immunohistochemistry 
and enzyme-linked immunosorbent assay (ELISA), for 
protein detection and quantification [4, 8, 9]. Although 
mostly reliable and widely implemented, these methods 
are restricted to individual and already known proteins, 
and therefore provide a limited amount of information 
[3, 4, 10]. Implementing MS-based proteomics in a clini-
cal setting would open opportunities to provide a much 
deeper view of the proteins that are present and in what 
quantities in a given sample at a given time. The fast-
paced technological developments in the field of MS-
based techniques have already resulted in clinical applica-
tions such as bacterial and fungal phenotyping, newborn 
screenings, and urine toxicology screenings [11]. More-
over, MS-based proteomic research is poised to advance 
discoveries in clinical medicine, including subclassifica-
tion of diseases, identification of targets for treatment, 
prediction of treatment response, and prognosis [10]. For 
example, quantitative MS-based protein analysis on for-
malin-fixed paraffin-embedded (FFPE) tissue samples 
enabled classification of the large B-cell lymphoma sub-
types according to the cell of origin [12]. In another ex-
ample, the strategy was used to stratify patients with non-
small-cell lung cancer and enabled selection of patients 
for treatment with a specific agent, the oral receptor tyro-
sine kinase inhibitor crizotinib [13], and it has shown 
promise for the development of new diagnostic tests [10, 
13]. Interestingly, a proteomic study of medulloblastoma 
identified substantial differences at the protein level, but 
not at the genomic and transcriptomic levels, enabling 
subsequent classification into subgroups with a potential 
for developing future treatment strategies [14].

These examples only scratch the surface of the wide 
range of MS-based proteomics applications and the way 
this level of granular insight could empower clinicians. 
For the purpose of this review, we will focus on label-free 
MS-based proteomics in the context of dermatology. In 
brief, “label-free” methods refer to a subset of quantitative 
MS-based proteomic strategies that do not require the use 
of isotope labeling to identify and quantify proteins pres-
ent in the sample, making them suitable for clinical im-
plementation. Moreover, we have found label-free MS 
proteomics to be fast and to have wider dynamic range 
and simple sample preparation, while producing reliable 
results and deep proteome coverage [3, 15].

The LC-MS/MS pipeline includes several preparation 
steps, an LC analytical step, and two MS analysis steps. 
The process also involves the use of proteolytic enzymes 
to specifically break down proteins into smaller frag-
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ments, namely peptides (Fig. 1). The peptide mixture is 
first separated by reverse-phase LC, based on hydropho-
bicity, and then electrosprayed as ionized peptide ions 
that are transported into the vacuum of a mass spectrom-
eter [16]. In the mass spectrometer the peptides are frag-
mented to generate MS/MS spectra, adding another di-
mension of information to identify and quantify the pep-
tides [3, 17]. Proteomics experiments can be performed in 
“shotgun” or targeted modes. In the former as many pep-
tides as possible are analyzed whereas in the latter just a 
few peptides of interest are repeatedly analyzed. Label-free 
shotgun proteomics can similarly be performed in two 
ways: (1) Data-dependent acquisition, whereby the first 
MS step selects the most abundant peptides, followed by 
fragmentation and second MS analysis of those fragments 

(tandem MS). (2) More consistent coverage of the pro-
teome is achieved by scanning across the entire range of 
m/z values in the first MS step in data-independent acqui-
sition. The information from these experiments is fed into 
a bioinformatics data processing pipeline where peptide 
fragments are matched to a proteomic database using sta-
tistical methods that rigorously control the false discovery 
rates in peptide and protein identification [3]. When fol-
lowed by quantitative proteomic algorithms, this work-
flow results in an inventory of protein abundances in com-
plex samples, such as skin tissue, without the need to iden-
tify the proteins in advance [3]. For more about label-free 
MS-based proteomics and other aspects of proteomic re-
search, we refer the reader to several recent reviews that 
include a critical assessment of this strategy [3, 18].

Fig. 1. Bottom-up proteomics workflow begins with sample prep-
aration. In the first step, samples are homogenized and proteins 
are extracted and digested by a sequence-specific enzyme such as 
trypsin. In some cases, samples can be fractionated (through high-
pH reversed-phase fractionation) to produce less complex sam-
ples. The cleaved and fractionated peptides are separated by re-

verse-phase liquid chromatography and electrosprayed as ionized 
peptides into the tandem mass spectrometer. In the mass spec-
trometer the peptide mixture undergoes tandem mass spectrom-
etry fragmentation and sequence data are obtained. Proteins are 
identified and quantified by peptides that have unique sequences 
with the help of bioinformatic software.
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Skin Sample Collection and Preparation for  
MS-Based Proteomic Analysis

The collection and initial processing of the protein-
containing material is critical in every branch of pro-
teomics. In the context of dermatology, there are several 
specific challenges and corresponding types of skin sam-
pling techniques that enable MS-based proteomic studies 
(Fig. 2). Skin biopsies are extensively used for histological 
and immunological examination to diagnose skin diseas-
es [19, 20]. The biopsies are often FFPE-stained due to the 
feasibility for long preservation [10]. Both FFPE and 
snap-frozen biopsies have been proven useful for pro-
teomic investigations with LC-MS/MS-based protein re-
search (Fig. 2) [21, 22].

In addition to whole skin samples, there are multiple 
ways to sample portions of the skin. Tape stripping has 
the advantage of being easy to use and is noninvasive [19, 
20]. However, tape stripping is limited to studies of the 
stratum corneum and cannot be used for protein analysis 
of the deeper part of the epidermis and dermis [20]. Suc-
tion blisters is a sampling technique that allows access to 
the deeper layers of the epidermis and uses a vacuum 
pump to detach the epidermis from the dermis [23]. The 
technique is time-consuming but associated with little 
pain and is less invasive than punch biopsies. There are 
reliable methods for protein analysis of the blister fluid or 
cells [23, 24]. Cells from the suction blisters or single-cell 
suspensions can be sorted using cytofluorimetric analyses 

and subsequently analyzed by MS-based proteomics. Re-
cent technological advances have led to ultra-high sensi-
tivity where in-depth characterization of cellular function 
of individual cells is attainable [25].

Collected skin samples can be further processed using 
laser capture microdissection, which is useful for pro-
teomic analyses of specific cells or areas of interest within 
the skin [26, 27]. Laser capture microdissection can be 
applied to several preparations, such as heterogenous tis-
sue sections, cytological preparations, or live cell cultures 
[26, 28]. The advantage of laser capture microdissection 
is its precision [29]. Laser capture microdissection can be 
limited due to its reliance on fragility and visual discrim-
ination of target cells and due to other sample preparation 
challenges related to tissue staining and fixation tech-
niques [26, 28, 30]. Some of these challenges can be ad-
dressed by combining artificial intelligence-driven image 
analysis of cellular phenotypes with automated single-cell 
laser microdissection and ultra-high-sensitivity MS. This 
novel technique, called deep visual proteomics, links pro-
tein abundance to complex cellular or even subcellular 
phenotypes while preserving spatial context [31].

After collecting the clinical samples, the selected tissue 
sections are processed to extract the proteins for subse-
quent proteomic analysis [32]. Samples that include all 
layers of the skin are challenging to work with due to the 
dominance of structural proteins such as keratins and 
collagens in some of them that contribute to the resilience 
of the skin. In addition, these high-abundant structural 

Fig. 2. In dermatology, several types of skin sampling techniques 
enable mass spectrometry-based proteomic studies. In the clinical 
setting, the skin biopsies are often preserved as formalin-fixed par-
affin-embedded samples and these samples can be analyzed whole 
or more selectively through the use of laser capture microdissec-

tion. Mass spectrometry-based proteomic analysis can also be per-
formed on skin layers produced by suction blisters. Individual cells 
or subpopulations of cells can be collected by flow cytometry or 
tape stripping.



Proteomics in Dermatology 189Dermatology 2022;238:185–194
DOI: 10.1159/000516764

proteins result in a high dynamic range (the difference 
between most abundant and least abundant proteins), 
which makes it difficult to detect low-abundant proteins 
in the same samples. To extract proteins, the skin can be 
disintegrated by homogenization and subsequently di-
gested enzymatically [3, 17] before the sample is advanced 
through the LC-MS/MS workflow described above. In 
general, the most important aspects of skin sample collec-
tion and preparation are strategic planning to determine 
which layers of the skin or skin-associated cells are of in-
terest and to choose the appropriate sampling technique 
to ensure best performance of the subsequent proteomics 
runs, as well as improve reproducibility.

Label-Free LC-MS/MS Proteomics in Dermatological 
Studies

In dermatology, clinicians have for decades been using 
knowledge of histological anatomy and relying on visual 
structural characterization of tissue samples, often com-
bined with immunohistochemistry to support the diag-
nostic process [33]. A multitude of proteins have been 
described and characterized in this way [34]. Recently, 
the advent of proteomics has opened opportunities to an-
alyze skin samples in new ways to identify additional bio-
markers that can guide clinicians with the diagnosis, 
prognosis, and treatment of dermatological conditions. 
Below we summarize some of the recent examples of pro-
teomic studies done on both healthy and diseased human 
skin samples. Due to lack of space, murine studies and 
studies of skin-associated cell cultures or immune cells 
will not be discussed here.

Proteomic Analysis of Healthy Human Skin
Human skin is a complex organ with functionally dis-

tinct layers and cell types as well as high abundance of 
extracellular matrix. As mentioned, its complexity re-
sults in difficulties in separating and homogenizing the 
tissue for mass spectrometric analyses, and the domi-
nance of structural proteins further complicates the pro-
cess. Consequently, until recently, prior studies have 
only identified a relatively small fraction of the expressed 
skin proteome [21, 22, 33, 35–39]. For example, Mikesh 
et al. [33] analyzed the composition in three skin layers 
from two anatomical regions, resulting in characteriza-
tion of about 200 proteins and providing insight into 
varying protein composition depending on skin layer 
and skin region. However, this represents only a narrow 
snapshot of the skin, given the low number of character-

ized proteins and the limited number of skin layers and 
regions sampled.

To fill this knowledge gap, we have recently created a 
comprehensive quantitative proteomic atlas of healthy 
human skin using MS-based proteomics with an ad-
vanced sampling strategy that accounts for the cellular 
complexity of the skin. This resulted in a spatially re-
solved proteomes atlas of skin layers and skin-associated 
immune cells including 10,701 proteins [40]. This rich 
resource for the community provides the deepest pro-
teomic coverage of the main skin layers and cell types. 
The study comprises separate proteomic analyses of four 
skin layers (stratum corneum, inner epidermis, dermis, 
subcutis) as well as four skin cell subsets (fibroblasts, ke-
ratinocytes, melanocytes, endothelial cells) and five dif-
ferent skin-associated immune cells (macrophages, den-
dritic cells, mast cells, epidermal and dermal T cells). Col-
lectively, these data should enable community-wide 
efforts to better understand the healthy human skin. To 
enable broad and unrestricted use of this resource and to 
accelerate the pace of discovery in this area, we have made 
the data publicly available at https://skin.science.

Proteomic Studies of Malignant Melanomas
Genetic and molecular characterization of melanoma 

has recently led to the development of targeted treat-
ments, such as immunotherapy and treatments targeting 
the BRAF/MEK pathway. For patients with metastatic 
melanoma, these treatments have fundamentally changed 
the prognosis of disease [32, 38, 41]. MS-based proteomic 
analyses have enabled further characterization of mela-
noma tumor biology, including the molecular alterations 
associated with different stages of disease and mutational 
status. For example, a proof-of-principle proteomic study 
of primary melanomas revealed that the cellular pro-
teome exhibits mutational status-dependent differences 
[38]. While wild-type BRAF tumors exhibited increased 
expression of proteins involved in melanogenesis and ex-
tracellular matrix formation, mutant BRAF primary tu-
mors showed decreased expression of proteins with anti-
proliferative and tumor suppressor functions as well as 
proteins involved in fatty acid metabolism [38]. These in-
sights suggest that proteomic analysis may reveal molecu-
lar signatures of different disease subtypes that could be 
used to diagnose, stage, and stratify patients.

Additionally, a major attraction of proteomics would 
be the identification of biomarkers in skin diseases such 
as melanomas. Studies have examined metastatic mela-
noma alone [42], melanoma in situ compared to invasive 
melanoma [43], melanocytic nevus compared to meta-
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static melanoma [44], primary melanoma compared to 
metastatic melanoma [45], as well as progression of dis-
ease [32, 46], identifying potential biomarkers for meta-
static disease [42, 44–46]. Moreover, they reflected the 
complex pattern of progression on a molecular level, with 
upregulated proteins covering a wide variety of biological 
functions such as motility, adhesion, migration and tu-
mor progression, apoptosis, and proliferation [42, 44, 45]. 
Although the sample size in some of these studies was 
small, the results affirm the potential of MS for new bio-
logical discoveries and development of targeted treat-
ments.

Proteomic Studies of Cutaneous Squamous Cell 
Carcinoma
Cutaneous squamous cell carcinoma (SCC) as well as 

the premalignant lesions actinic keratosis (AK) and Bow-
en’s disease (BD) are caused predominantly by exposure 
to ultraviolet radiation and derived from an uncontrolled 
growth of keratinocytes [47–49]. Until recently, the mo-
lecular transformation of normal keratinocytes to malig-
nant lesions had not been characterized at the proteomic 
level. Several recent studies have now provided insights 
into proteomic changes that are associated with this 
transformation [19, 21, 37, 50]. Altered expression levels 
of proteins associated with inflammation and angiogen-
esis, cell proliferation, apoptosis, migration, tumor sup-
pression, and terminal epithelial differentiation have 
been observed in SCC [21, 50]. In BD, changes in proteins 
associated with cell cycle arrest, apoptosis, and repair 
mechanism have been found, while in AK, the most sig-
nificant upregulated pathways include apoptosis and 
RNA translation [21, 37]. The higher activation of DNA 
repair pathways seen in BD could possibly be associated 
with the low transformation rate of BD to SCC [21]. Iden-
tification of many common protein changes and the dis-
ruption of similar biological processes (cell-cell adhesion, 
cytoskeleton organization, regulation of cell prolifera-
tion, damage response, apoptosis, extracellular matrix or-
ganization, and angiogenesis) between AK, BD, and SCC 
lesions support the notion that AK and BD are precursor 
lesions of SCC [21].

MS-based proteomics has also been used to study dis-
ease progression by analyzing highly, moderately, and 
poorly differentiated SCC. Proteins known to be associ-
ated with cell cycle progression as well as cell proliferation 
and differentiation in several cancer types were increased 
in highly differentiated SCC, suggesting a potential role 
of these proteins in SCC differentiation and malignancy 
[37]. For poorly differentiated SCC, this study found on-

cogenic and tumor-suppressive proteins known to be as-
sociated with other poorly differentiated cancers, such as 
advanced stages of colorectal and metastatic gallbladder 
cancer (GOSR1), increased invasiveness in colorectal and 
renal cell carcinoma (AACS), and poor differentiation in 
colorectal cancer and invasive metastatic melanoma 
(BGN) [37].

The same disrupted tumorigenic pathways were iden-
tified in a proteomic analysis of tape-stripped stratum 
corneum when compared to punch biopsies of AK le-
sions. The total number of proteins detected in tape-
stripped AK lesions was, as expected, smaller than the 
total number of proteins detected in FFPE samples from 
AK lesions [19]. Molecular pathway analysis of the tape-
stripped stratum corneum samples from AK lesions re-
vealed equally disrupted tumorigenic pathways as those 
identified in the biopsies from AK lesions, indicating that 
tape stripping of superficial skin lesions might be an ap-
propriate, alternative sampling method for protein analy-
sis of the upper part of the skin with LC-MS/MS [19].

Proteomic Studies of Hand Eczema
The etiology of hand eczema includes both exogenous 

and endogenous factors [51]. Amongst the exogenous 
factors are irritants and mechanical or other irritation of 
the skin, while endogenous variables are related to im-
paired skin barrier function [51]. Proteomic analysis of 
skin biopsies from patients with chronic hand eczema 
and healthy controls identified 185 differentially regulat-
ed proteins [52]. The protein changes included downreg-
ulation of filaggrin, filaggrin 2, and hornerin, confirming 
the disturbance in the skin barrier in chronic hand ecze-
ma. The S100 family members S100A7, S100A8, and 
S100A9 were among the markedly upregulated proteins 
in chronic hand eczema. These proteins are prevalent in 
skin and are upregulated in response to loss of epidermal 
barrier integrity. They serve as a defense mechanism 
against microbial infections and seem to be involved in 
the sensitization phase of allergic contact dermatitis [53]. 
These results shed light on the regulation of the epidermal 
barrier in chronic hand eczema at the protein level. More 
studies are needed to further investigate the multifacto-
rial pathogenesis of chronic hand eczema, including the 
role of environmental exposure, irritant damage, and al-
lergen exposure.

Proteomic Studies of Ichthyosis
Ichthyosis is a genetic disease clinically characterized 

by scaling of the skin [54]. In a proteomic study compar-
ing ichthyosis vulgaris, lamellar ichthyosis, X-linked ich-
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thyosis, and atopic dermatitis (AD) to healthy skin, the 
protein compositions of stratum corneum from the mul-
tiple anatomical areas were analyzed [54]. Comparison 
of the ichthyosis subtypes revealed that phenotypic se-
verity was associated with increased alterations of kera-
tins and junctional proteins and to changes in the corni-
fied envelope of the skin barrier. Both findings have been 
validated in another study [36]. Studying protein com-
position in different genetic subtypes of ichthyosis may 
help to identify underlying pathogenic pathways as well 
as individuals with both the causal gene defect and con-
comitant altered downstream effects of the different mu-
tations [54].

Proteomic Studies of Psoriasis
Genome-wide association studies have recently pro-

vided insight into the pathogenesis of psoriasis [55, 56]. 
Biological therapies targeting TNFα- and IL-23/Th17-re-
lated pathways are the most effective treatments to date 
[55, 56]. However, a subset of patients present with treat-
ment-resistant psoriasis, highlighting the need for identi-
fying additional factors involved in the pathogenesis that 
can be targeted for treatment [55, 56].

Comparative proteomic analysis of lesional psoriatic 
and healthy skin identified 249 differentially expressed 
proteins [57]. They represent pathways involved in cell 
proliferation and development, with 23% of them in 
broad biological processes known to be dysregulated in 
psoriasis, such as development and innate immune sys-
tem [57]. When the proteome of lesional skin was com-
pared to that of either nonlesional or healthy skin, 44 pro-
teins exhibited altered expression, with half of them not 
previously associated with psoriasis. Those with de-
creased expression were found to be involved in apopto-
sis, signaling, endothelial cell proliferation, migration, 
cell-cell interaction, and extracellular matrix interaction. 
Although the total number of proteins quantified in this 
study is unknown, the findings illustrate the potential of 
proteomic studies to find proteins that have not been as-
sociated with psoriasis.

Analysis of differential expression patterns at both the 
transcriptome as well as the proteome level was per-
formed on lesional and nonlesional skin from 14 patients 
with psoriasis [58]. A moderate association was observed 
between the transcriptome level and the proteome level. 
In psoriatic lesions, ribosomal proteins and elongation 
factors were more abundant, corresponding to acceler-
ated epidermal turnover, proliferation of keratinocytes, 
and abnormal differentiation of basal keratinocytes char-
acteristic for psoriasis [58].

Taken together, the studies discussed here illustrate 
how implementing MS-based proteomics in clinical re-
search and practice of dermatology can complement, im-
prove, and accelerate current routinely used strategies to 
diagnose and treat skin diseases.

Proteomic Studies of AD
AD is a multifactorial disease with complex genetic 

and environmental susceptibility factors as well as mul-
tiple clinical phenotypes. Proteomic studies of AD have 
mainly focused on identifying different inflammatory 
and barrier biomarkers. Amongst these, the fatty acid-
binding protein e-fabp, which functions as a key regula-
tor of inflammatory and metabolic signaling pathways, 
has been identified as being involved in the pathogen-
esis of AD [59, 60]. Studies of protein changes in tape-
stripped lesional AD skin compared to nonlesional AD 
skin and skin of healthy subjects have identified several 
differentially expressed proteins related to skin barrier 
function [59–63]. In one study, elevated expression lev-
els of a group of 45 proteins were positively correlated 
to transepidermal water loss in patients with AD and 
food allergies compared to patients with AD but with-
out allergic sensitization [64]. This group of proteins 
includes keratin-intermediate filaments, proteins asso-
ciated with inflammatory response, glycolysis, and oxi-
dative stress response. The raised levels of these pro-
teins found in AD patients with allergic sensitization to 
peanuts are therefore suggested to be involved in skin 
barrier function, and the altered expression an indica-
tion of the increased penetration of allergens through 
the skin barrier [64]. Furthermore, lower levels of en-
zymes involved in the generation of moisturizing fac-
tors have been found in AD lesional skin [60]. These 
studies have provided new insights into the predisposi-
tion to dry skin and skin infections within this patient 
group due to the increased penetration of microbes 
[60].

In addition to the current studies that characterize the 
changes in the skin of patients with AD, MS-based pro-
teomics can be used to characterize clinical phenotypes of 
AD in the future.

Current Challenges and Future Perspective on 
Proteomic Research in Dermatology

Over the last decades, proteomic research using MS-
based proteomics has evolved into a powerful technol-
ogy. It supports the analysis of many aspects of proteins, 
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including quantity and their state of modification. It has 
the capacity to rapidly identify and quantify thousands 
of proteins from small amounts of tissue or even just a 
few cells. This review illustrates the technological prog-
ress that has been made in the last decade. The major 
remaining challenges to proteomic studies are the com-
plexity of the tissues that we investigate and, especially 
for skin, the high dynamic range due to abundant struc-
tural proteins. In addition, every project generates vast 
quantities of data that require extensive data processing, 
especially if the projects integrate multiple “omics” data. 
There are continuous efforts to improve techniques and 
instrumentation, resulting in a fast pace of technological 
developments that are useful for clinical samples. In par-
ticular, the ability of MS-based proteomics to analyze 
FFPE samples offers many possibilities to advance trans-
lational dermatological research, including retrospec-
tive analyses of archival clinical samples obtained dur-
ing sensibly designed prospective clinical trials. These 
could help to identify mechanisms responsible for dis-
ease progression and therapy resistance. Label-free pro-
teomic quantification offers potential insight into clini-
cal phenotypes, so-called proteotypes, in patients that 
are clinically well characterized. Knowledge of disease-
related proteotypes could provide a better understand-
ing of pathological and physiological changes in skin 
diseases and potentially lead to more targeted treatment 
approaches in dermatology. As methods improve, post-
translational modification research will add another lay-
er of information and potentially serve as a biomarker 
for skin disease, especially in cancer, to identify post-
translational modification signatures that could be cor-
related with disease progression and that may help to 
stratify patients. Through MS-based proteomic analyses 
we can investigate the association between genetic loci, 

biological pathways, and disease phenotypes and sup-
plement the current gene-centric approach to precision 
medicine.

Key Message

High-resolution MS-based proteomics enables identification 
and quantification of the nearly complete proteomes of skin dis-
eases.
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