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Abstract: Post-translational modifications (PTMs) of proteins represent as a key step in regulating their biological functions and
dynamic interaction with other players. This process is fine-tuned by a myriad of enzymes named “writers, readers and erasers”
whose actions are precisely controlled. Either the mutation, aberration in the expression of the aforementioned enzymes or their
substrates have shown to participate in the pathogenesis of various skin diseases such as melanoma, vitiligo, psoriasis, eczema,
atopic dermatitis and inherited dermatological diseases. It is becoming increasingly clear that key transcriptional factors,
inflammation-related molecules are prone to PTMs. Despite their importance in regulating key processes including inflammation,
keratinocyte apoptosis, proliferation and differentiation, PTMs have received less attention due to the challenges involved. Here
in this review we summarize the role of the most common types and the newly discovered PTMs, including acetylation,
glycosylation, citrullination, PARylation and sumoylation in dermatoses and surveys the recent progress in PTM-based ther-
apeutic approaches in skin diseases.
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Introduction
Post-translational modification (PTM) is the covalent adding of a functional group to the protein substrates.
After translation, the majority of proteins undergo diverse PTMs to maintain their structure, stability and
interactions with other players in the complex biological systems. Among the 300 identified forms of PTMs,
the most common types of PTMs include ubiquitination, phosphorylation, glycosylation, acetylation and
PARylation. These processes are fine-tuned by a myriad of enzymes named “writers, readers and erasers”
whose actions are precisely controlled. The interplay and the coordinated network between these PTMs play
key roles in regulating protein stability, structure, protein–protein interaction, cell signaling, cell growth, and
various biological processes.

The involvement of PTMs in the regulation of skin functions is well documented. Transcriptional factors, signaling
molecules and proteins involved in keratinocyte differentiation, proliferation and inflammation are subjected to various
PTMs. Consequently, dysregulation in the steps of the aforementioned PTMs and aberrant expression of enzymes
involved are related to the pathogenesis of skin cancers, inflammatory skin diseases such as psoriasis, eczema, atopic
dermatitis and inherited dermatological diseases. The proteome-wide PTM analysis in these skin diseases helps to clarify
the underlying molecular mechanisms and provide new therapeutic targets for the treatment of skin diseases. Herein, we
summarized the recent findings concerning the role of the most common types of PTMs in skin diseases, with a focus on
acetylation, glycosylation, citrullination, and PARylation. Moreover, we discuss the challenges and prospects for
targeting PTMs in the treatment of skin diseases.
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Role of Different PTMs in Skin Diseases
Acetylation/Deacetylation
Protein acetylation/deacetylation is a reversible PTM that adds or removes an acetyl group to the amino acid of a protein.
This process is catalyzed by two groups of enzymes, lysine acetyltransferases (KAT) and deacetylases (KADC).1

Acetylation or deacetylation of non-histone proteins modifies a series of biological processes including enzymatic
activity, inflammation, autophagy, protein–protein interaction and protein localization. Either aberrant expression of
acetyltransferases/deacetylases or alteration in the status of acetylation of protein targets are found in various skin
diseases such as psoriasis and melanoma.2,3

Psoriasis is an inflammatory skin disease characterized by keratinocyte hyperproliferation and infiltration of immune
cells. Upregulation of proliferation-related proteins and inflammatory signaling pathways are key mechanisms accounting
for the psoriasis pathogenesis. Predication by PhosphoSitePlus (https://www.phosphosite.org/) suggests these proteins
such as Keratin 16, 17, STAT1 and STAT3 could be potentially acetylated on various amino acids, implicating the
involvement of acetylation process in the pathogenesis of psoriasis. Sirtuin (SIRT) are a family of NAD+-dependent
deacetylases that are composed of seven members in mammals. The abnormal expression of all seven members have
been documented by different groups, suggesting a decreased expression of SIRT1-5 and an upregulation of SIRT6 and
7.4 Among these members, SIRT1 is the star molecule that attracts the attention of researchers. The precise mechanism
underlying the involvement of SIRTs in psoriasis had been investigated in human cell line and in vivo. There is
compelling evidence showing the interaction between SIRT1 and STAT3, a key transcription factor that regulates cell
proliferation in psoriasis. STAT3 deacetylation by SIRT1 inhibits its phosphorylation and activation.5 Additionally,
another study found that proinflammatory cytokine IFN-γ was responsible for inducing the reduction of SIRT1 and
acetylation of STAT3 in psoriatic keratinocytes, which provides an “IFN-γ-SIRT1-STAT3” positive feedback loop in the
pathogenesis of psoriasis.6 Later on, application of a SIRT1 activator resveratrol was proven to be effective in the
amelioration of Aldara-induced psoriasiform phenotype.7 Collectively, the above findings underlie the crucial role of
SIRT1 in the development of psoriasis.

Apart from psoriasis, acetylation is also involved in other skin diseases such as Cutaneous T-cell Lymphomas
(CTCLs). TP53, a tumor suppressor gene, represents as a wide-spectrum therapeutic target in cancers. TP53 mutation
is found in CTCLs, especially advanced stage of CTCLs patients. P53 is prone to various PTMs such as ubiquitination,
acetylation and phosphorylation. Recently, deacetylase HDAC1/8 is reported to interact with p53 and induced its
deacetylation and deactivation.8 Herein, the aforementioned deacetylation of p53 represents a novel mechanism account-
ing for the tumor progression in CTCLs.

Despite the current findings regarding the role of deacetylase SIRTs and HDAC family members, the role of other
members in KAT and KDAC has not been elucidated. Further investigations are warranted for deciphering the role of
KAT, KDAC in the pathogenesis of skin diseases.

PARylation
ADP-ribosylation, also known as PARylation, is a reversible PTM that adds ADP-ribose moiety to the amino acid
residues of the target proteins. This process is catalyzed by PARP members, which function as “writers” of ADP-ribose.
PARP contain at least 17 members in humans and are divided into 4 sub-families depending on their functional domains.9

Among the PARP family, PARP1 is the prototypical and founding member, which is the most intensively and extensively
studied member. Apart from the well-known function in DNA damage, PARylation is also implicated in inflammation,
wound healing, protein stability and cell death.10

Inflammation is a pathological process that occurs in various skin diseases such as psoriasis, eczema and vitiligo.
Overwhelming evidence has substantiated the regulatory role of PARPs in inflammation. PARP1 was shown to induce the
PARylation of NF-κB, acting as a transcriptional coactivator of NF-κB and promoting the expression of NF-κB target
genes.11 Moreover, other substrates such as transcription factor HMGB1 are found to interact with PARP1. PARP1
induced the PARylation and acetylation of HMGB1, promoting the release of this proinflammatory cytokine to the
cytoplasm.12 In skin wound healing, which is accompanied with inflammation, it is unraveled that inhibition of PARP1
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promotes keratinocyte migration by decreasing the production of pro-inflammatory cytokines.13 Apart from the afore-
mentioned proinflammatory function, PARP could also exert anti-inflammatory functions.14 In psoriasis, PARP1 expres-
sion is decreased in the epidermis of psoriatic patients. The PARP1−/− mice exacerbated the IMQ-induced psoriasis-like
lesions by increasing the secretion of psoriasis-related proinflammatory cytokines IL-6, IL-17 and IL-23.14

In systemic sclerosis (SSc), which is characterized by immunological alterations in skin and various internal organs,15

a negative role of PARP1 in the regulation of TGF-β/Smad signaling was reported.16 PARP1 expression is decreased in
skin of SSc patients due to TGF-β-induced hypermethylation in the promoter of PARP1. Interestingly, Smad3 is found to
be a novel target of PARP1, inhibition of PARP1 decreased the PARylation of Smad3, which promotes its phosphoryla-
tion and binding to target genes. Herein, the downregulated PARP1 leads to the activation of TGF-β/Smad signaling and
contributes to the persistent fibrosis activation in SSc.16

In melanoma, elevated expression of PARP1 is documented by various studies so far. Recently, Kupczyk et al17 found
that melanoma patients with high PARP1 expression was frequently located in the neck and head region. Consistently,
high PARP1 expression showed correlation with unfavorable clinical outcome such as overall survival and presence of
ulceration.18 Experimental studies further highlighted that inhibition of PARP1 expression decreased the migration and
invasiveness in melanoma cell lines, supporting the involvement of PARP1 in the development of melanoma.19 PARP1
could potentially regulate the expression of CXCL1 and MITF to promote the growth of melanoma cells.20 Similarly, the
upregulation of CXCL1 and MITF in melanoma cell do not appear to depend on the enzymatic activity of PARP1, but
seems to rely on the transcriptional co-regulator function of PARP1.20,21 Rodríguez et al22 reported that PARP1
modulates the metastasis and migration of melanomas via regulating the expression of EMT marker vimentin. Table 1
summarizes the role of PARP1 in different skin diseases.

With the development of proteomic technologies, an explosion of understanding on how PARylation impacts not just
the process of DNA damage but also various biological functions has been seen. Apart from PARP1, the functions of
other members of PARP family remain unknown. What are their functions in regulating the pathogenesis of skin
diseases? Is there crosstalk between PARylation and other PTMs, such as acetylation, and how this complex crosstalk
mediates skin pathology? The answers of these questions warrant further experimental and clinical investigations which
are of importance for developing therapeutic targets for the treatment of skin diseases.

Citrullination
Protein citrullination, also known as deimination, is also a PTM that converts a positively charged arginyl residue into
a neutral citrulline residue.23 This process results in a reduction in isoelectric point and 1 Da decrease in mass. As such,
the loss of protein charge can affect protein structure, protein–protein interaction, therefore inducing protein conforma-
tional change and susceptibility to proteolysis. Although firstly described in 1958, there remains much challenge in
identifying the site of citrullination on substrates due to the minor 1 Da change in protein mass. Protein Arginine
Deiminases (PAD), which catalyzed this process, are a group of calcium-dependent enzymes.24 There are 5 members of
PADs identified in humans, including PAD1, PAD2, PAD3, PAD4 and PAD6. PADs display unique tissue localization

Table 1 The Role of PARP1 in Skin Diseases

Target Effects Diseases References

NF-κB Proinflammatory – [11]
HMGB1 Proinflammatory – [12]

– Anti-inflammatory Psoriasis [14]

– Cell migration Wound healing [13]
Smad3 Fibroblast activation Systemic sclerosis [16]

– Cell migration and invasion Melanoma [19]

CXCL1, MITF Cell growth Melanoma [20,21]
Vimentin Cell migration Metastasis Melanoma [22]

Abbreviations: NF-κB, nuclear factor kappa-B; HMGB1, high mobility group box-1 protein; Smad3, SMAD family member 3; CXCL1,
C-X-C motif chemokine ligand 1; MITF, melanocyte inducing transcription factor.
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and substrate specificity. PAD1 and PAD3 are supposed to be critical for skin physiology and pathology due to their
specific expression in the epidermis and hair follicles. Whereas, PAD2 and PAD4 have widespread tissue localization
such as tumors, central nervous systems, lungs and inflammatory cells. Due to their widespread expression and the
determined three-dimensional structure, PAD2 and PAD4 are the two members that are more extensively studied.25 In
physiological conditions, PADs remain inactive due to the very low levels of calcium concentration. In the process of
autophagy and keratinocyte differentiation whereby calcium concentration is above the physiological level, PADs are
activated. So far, citrullination is reported to be involved in regulating the key cellular processes including apoptosis,
inflammation, epidermal differentiation, epidermal barrier function and immune response.23

For deciphering the role of citrullination in different diseases, activators that trigger the activity of PADs except for
calcium should be identified. Among the few activators identified, zeta isoform of PKC, PKCζ was previously shown to
be an activator of PAD4 which is involved in the release of neutrophil extracellular traps (NET). The possible
explanation is that PKCζ could either induce the nuclear translocation or alter the chromatin structure of PAD4 through
epigenetic medication.26 Another identified activator is TNF-α. In inflammatory skin diseases such as psoriasis, TNF-α is
expressed at high levels both in the serum and skin tissues.27 In multiple sclerosis and rheumatoid arthritis, the elevated
level of TNF-α could induce PAD4 nuclear translocation and histone citrullination.28,29 Besides, by library screening,
xanthine derivative acefylline was proven to be the potent activator of PAD1 and PAD3. Application of acefylline on skin
surface led to an increase in the citrullinated proteins in the stratum corneum.30 Altogether, the aforementioned PKCζ,
TNF-α and acefylline are potent activators of PADs which are useful in the investigation of the role of citrullination in
different diseases.

The aberration in PAD activity and the subtle change in the citrullination level of substrates are found in several
diseases such as psoriasis,31 rheumatoid arthritis,32 cancers33 and neurodegenerative diseases.34 By immunohistochem-
ical staining, PAD4 expression is shown to be elevated in skin carcinomas.33 Also, the mutation of the gene encoding
PAD3, PADI3, has been reported in hair diseases such as UHS (Uncombable hair syndrome).35 Psoriasis is the only skin
diseases found to be related to PAD1 dysregulation. The absence of deiminated K1 may be one possible explanation for
the deranged keratinization process in psoriasis patients.31 Systemic lupus erythematosus is an autoimmune disorder that
affect multi-organs, with skin manifestations found in over 85% of patients. Recently, a novel functional role of PAD4 in
the pathogenesis of SLE has been characterized.36 A20, a protein disposing a dual role of ubiquitin ligase and
deubiquitinase, is known for its function in the negative regulation of NF-κB signaling. Herein, unexpectedly, instead
of activating NF-κB activity, genetic alteration in A20 DUB lead to upregulated expression of PAD4. The upregulation of
PAD4 contributes to increased NET formation and elevated level of citrullination. However, as no physical interaction
between A20 and PAD4 are found by mass spectrometry, A20 might regulate the expression of PAD4 indirectly and
a multistep mechanism might be involved.36 Additionally, citrullination of antimicrobial peptide LL37 is found in
cutaneous lupus (LE)/systemic lupus erythematosus (SLE), which may affect the inflammatory properties.37

Compared with other types of PTM, the role of citrullination is not fully elucidated in skin diseases. So far, the
identified substrates of PAD include keratin, S100 protein family members and LL37. Whether other proteins such as
transcriptional factors could be potentially citrullinated are needed to be clarified in future studies.

Glycosylation
Glycosylation is one of the most common and abundant PTM of proteins. This process is cooperatively regulated by
a series of enzymes. Glycosyltransferases, the “writer” of glycosylation, catalyze the transfer of a glycosyl residue from
the donor protein to the acceptor protein. Glucosidases, the “eraser” of this process, remove glucose residues from
oligosaccharide complex. So far, among various types of glycosylation identified, O-GlcNAcylation, N-glycosylation are
the two most common types. So far, approximately 180 glycosyltransferases have been identified and the major enzymes
include GNT-V, GNT-III, ST6GAL1 and FUT8.38

It is well known that aberrant glycosylation, impaired localization and expression of glycosyltransferases are strongly
related to the onset and progression of various diseases including cancer, inflammatory and autoimmune diseases.39

Therefore, elucidating how glycan structures are altered and identifying the responsible glycosyltransferases and
glucosidases are of pivotal issue for understanding disease pathogenesis. FUT8, a member of the glycosyltransferases,
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is the unique enzyme responsible for generating a core fucose structure on N-glycans. In psoriasis, it was found that
FUT8 expression was upregulated in skin tissues, which correlated with disease severity. By mass spectrometry and
bioinformatics analysis, EGFR, a receptor upregulated in psoriasis, was identified as the substrate of FUT8 in psoriatic
keratinocyte. FUT8 increased the core-fucosylation of EGFR, which subsequently activated keratinocyte proliferation
and contributed to the onset of psoriasis.40 Moreover, by assessing the serum level of N-glycans, Zou et al41 identified
four N-glycans to be upregulated in the serum of psoriatic patients. However, enlarged size of patients are needed to
further validate whether N-glycan profiling could be used in clinical diagnosis and prognosis of psoriasis. Altogether, the
above findings suggest the involvement of glycosylation in the pathogenesis of psoriasis.

The involvement of glycosylation in cancer pathology is extensively investigated. One progress is that a series of
glycan-based molecules are used as cancer biomarkers, which include AFP, CA125, HE4, CEA and Thyroglobulin.42

A recent review summarizes the specific role of N-glycosylation, especially the glycosyltransferases and their target
proteins in skin cancers. Hereby, we update and focus on the role of glycosylation in the pathogenesis of melanomas.
Firstly, the aberration of glycosyltransferases were characterized in melanomas.43 Recently, a critical role of FUT8 in
promoting melanoma metastasis was uncovered. Glycomic analysis firstly found an elevated core fucosylation level in
metastatic melanoma and identified FUT8 as a candidate glycosyltransferase. By using bioinformatic analysis, TGIF2,
a transcription factor was identified to be responsible for the upregulation of FUT8 in melanomas. Furthermore, the
substrate of FUT8, L1CAM was also found. FUT8 induced the core fucosylation of L1CAM, which reduced its cleavage
by proteases and promotes melanoma metastasis.43 GLT8D1, another glycosyltransferase, is reported to be upregulated in
melanoma tissues, which showed correlation with clinical features such as histopathological types of melanoma
patients.44 These aberrant expressions of glycosyltransferases, which correlated with survival and disease histopatholo-
gical feathers, might represent as possible diagnostic and prognostic biomarkers of melanoma in the future.

Secondly, novel target proteins of glycosylation were clarified. Among the substrates, STAT5 is a novel identified
target of glycosylation, which is an important mediator of EMT process and tumor growth. Scavenger receptor class
B type I (SCARB1/SR-BI) is found to be highly expressed in human metastatic melanoma, which contributes to
enhanced STAT5 glycosylation, target gene expression and for maintaining EMT phenotypes.45 Moreover, the possible
underlying mechanism accounting for glycosylation-induced migration were ongoing investigated. Surprisingly, one
study found that different types of glycosylation contributed differentially to melanoma cell migration. Enhanced
O-GlcNAcylation exerts a negative role on melanoma cell migration, while N-glycosylation and O-GalNAc glycans
positively regulate cell migration. It is suggested that N-glycosylation promotes cell migration by promoting the activity
of matrix metalloproteinases MMP2 and MMP9.46

Despite remarkable advances in understanding the involvement of glycosylation in skin diseases, there is a clear need
to identify the role of diverse glycosyltransferases in different diseases and to develop new therapeutic targets for the
treatment of skin diseases.

Other Types
Despite the aforementioned common types of PTM, other types such as ubiquitination, sumoylation and the newly
identified palmitoylation and lysine 2-hydroxyisobutyrylation have also been studied in skin diseases. In 2018,47 our
group has summarized the function of ubiquitination in the pathogenesis of psoriasis, so we will not emphasize the role
of ubiquitination herein.

Sumoylation is the covalent conjugation of small ubiquitin-like modifier (SUMO) to target proteins. Like ubiquitina-
tion, sumoylation is a reversible process that is catalyzed by E1, E2, E3 enzymes and SUMO-specific peptidases (SENP).
In melanoma, the role of sumoylation has already been recognized in the past ten years. In 2007, Ganesan et al48

conducted a study to comprehensively identify SUMO targets in melanoma cells, aiming at interpretation of the
interrelationship between SUMO modification, cellular signaling and melanomagenesis. The identified SUMO targets
encompass proteins involved in cell growth, signal transduction and transcription. Later, PIASy, a specific SUMO E3
ligase, was found to be responsible for the p53 inactivation in melanoma. PIASy targets p53 for sumoylation, which is
responsible for its activation and cell death activity. In melanoma tissues, a decreased expression of PIASy was observed,
resulting in the inhibition of p53-mediated cell death in melanoma.49 PIASy can also positively regulate p53 activity via
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interacting with a DNA polymerase, REV1. Under starvation, PIASy interacts with REV1 and promotes its sumoylation,
which enabled its dissociation from p53 and relieved REV1-dependent repression of p53 transactivation (Figure 1).50 In
vitiligo which is manifested by asymptomatic white macules resulting from a functional loss of melanocytes in
epidermis, the role of sumoylation was recently been identified. Vitiligo lesions display a reduced expression of E2
ubiquitin-conjugating enzyme Ubc9 and an increased expression of SENP1, resulting in an impaired balance between
sumoylation and desumoylation. Moreover, knockdown of SUMO1 reduced cell proliferation and led to keratinocyte
apoptosis, which might contribute to passive melanocyte death and development of vitiligo.51 Thus, the dynamic nature
of sumoylation and its important roles in skin diseases deserves further studies for the development of novel targets for
skin therapy.

In psoriasis, the role of some newly identified types of PTM was also studied. Lysine 2-hydroxyisobutyrylation (Khib),
a conserved modification, was compared between lesional and nonlesional psoriasis patients. Khib was upregulated in 72
protein and downregulated in 44 proteins. Bioinformatics analysis represented by GO and KEGG pathway suggested an
involvement of PI3K-AKT pathway in lysine 2-hydroxyisobutyrylation in psoriasis. Particularly, the most upregulated
Khib found in tenasin and downregulated Khib found in S100A9 provide basis for further investigations into the role of
Khib in psoriasis.52 Palmitoylation, a reversible PTM which is catalyzed by palmitoyltransferases and depalmitoylating
enzymes, is a process that transfers a 16-carbon palmitoyl group onto the protein target. Recently, Zhou et al53 reported
the role of a palmitoyltransferase ZDHHC2 in the progress of psoriasis. In IMQ-induced psoriasis mouse models, Zdhhc2
deficiency significantly reduced the pathological grade and the infiltration of pDC by interfering with IRF7 activity to
reduce the secretion of pro-inflammatory cytokine IFN-α.53 Thus, the upregulated expression of Zdhhc2 in the epidermis
of psoriasis-mouse model provides insights into the role of palmitoylation in the pathogenesis of psoriasis.

Therapeutics Targeting PTM in the Treatment of Skin Diseases
Although a series of studies substantiated the involvement of PTM in inflammatory skin diseases and skin cancers,
few studies focused on the therapeutic effect of targeting PTM in skin disease. Herein, we focused on two family
members, SIRTs and PARPs, regarding their therapeutic application in skin diseases. Although the study of SIRTs in
dermatology is in early stages, the anti-inflammatory role of SIRT1, a member of SIRT family has been well clarified.

Figure 1 Schematic proposal of p53 regulation by sumoylation and acetylation in melanoma. E3 SUMO ligase targets Tip60, REV1 and p53 for sumoylation to promote p53
activation. PIASy targets histone acetyltransferase for sumoylation, which enhances Tip60 acetylase activity on K120 of p53. PIASy targets directly p53 and leads to K386
sumoylation. The K386-sumoylated and K120-acetylated p53 promoted p53-induced cell death. Moreover, under starvation, PIASy targets DNA polymerase for sumoyla-
tion, which contributes to its dissociation from p53 and prevents the REV1-induced inhibition of p53 transactivation. In melanoma, PIASy expression is reduced, thus leading
to the inhibition of p53-induced cell death.
Abbreviations: AbK, lysine; Ac, acetylation; P, phosphorylation; SUMO, SUMOylation.
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SIRT1 was reported to deacetylate key transcriptional factors such as NF-κB and AP-1, leading the transcriptional
repression of inflammation-related genes.54,55 Regarding the downregulated expression of SIRT1 in psoriasis, SIRT1
activation might represent a promising treatment option for psoriasis patients. SRT2104 is a selective activator of
SIRT1 that has been tested in multiple trials. In a randomized, Phase II clinical trial in moderate-to-severe psoriasis
patients (n = 40), the effect of SRT2104 was evaluated. Histological assessment showed a significant reduction in
epidermal thickness in 35% patients, accompanying with a reduced expression of TNF-α and IL-17 respondergenes
and psoriasis-related antimicrobial peptides such as S100A12.56 There are other times, however, where the inhibition
of SIRT1 expression might be the desired outcome. In melanoma, SIRT1 overexpression has been previously
reported,57 inhibitors of SIRTs have shown potential therapeutic effects in melanomas. Tenovin-1, which inhibits
SIRT1, SIRT2 and SIRT3, delays the melanoma growth via induction of p53.58 In a study which used 2 inhibitors of
SIRTs, Sirtinol and Ex-527, the anti-proliferative effect of melanoma was also observed.59 However, whether the
specific inhibition of one SIRTs or the combined inhibition would achieve better effect in melanoma treatment warrant
further investigations.

PARP is activated by repair of DNA damage, which is implicated in drug resistance in tumors and is involved
in UV-induced photodamage. PARP1 inhibitors, which have been approved for the therapy of various tumors,60

were also tested for their efficacy in skin diseases. Atopic eczema is a chronic inflammatory skin disease
characterized by itchy and generalized skin dryness. An emollient containing nicotinamide, an inhibitor of
PARP1 recognized for its anti-inflammatory function, was tested in patients with inflammatory skin diseases
including atopic dermatitis, eczema and contact dermatitis. The outcome was very positive and nearly 95% felt an
amelioration of their skin condition. The application of nicotinamide also reduced the reliance of patients on
topical corticosteroids, suggesting that PARP1 inhibitor might be a potential substitute for the traditional
immunomodulators or corticosteroids.61

Altogether, these findings substantiate the potential for SIRTs and PARP inhibitors or activators as disease treatments
and preventatives. It is already quite clear that before a drug is used on patients that molecule is subjected to the trial for
safety, dosage, etc. There are still many challenges that are needed to be conquered. Firstly, the crosstalk between
differential PTM such as acetylation, ubiquitination, PARylation and glycosylation makes this network so complex.
Secondly, the wide spectrum of substrates targeting by one specific enzyme are often neglected. Lastly, the current
inhibitors and activators are often not specific, which target more than one family members. Regarding these challenges
and limits, more specific drugs targeting PTM system should be developed. These drugs might represent as a new
generation of therapeutics for the treatment of skin disorders.

Concluding Remarks
To summarize, we discuss the implication of the major types of PTMs including glycosylation, parylation,
acetylation and citrullination in skin diseases. Although many of them have been discovered for many years,
only in the last decade the crucial roles of PTMs have attracted considerable attention of researchers in
dermatology due to discoveries concerning their enzymology, function and mechanism. Moreover, with the advent
of new proteomic techniques, new types of PTMs have shown their importance in various skin diseases, such as
carbamylation,62 succinylation,63 etc. Accumulating scientific and clinical evidences support that these PTMs
regulate diverse cellular process such as cell differentiation, proliferation, inflammation, metastasis and autophagy.
The aberrant expression of enzymes involved in these processes such as glycosyltransferases, PADs, acetyltrans-
ferases have been identified in inflammatory, autoimmune skin diseases and skin cancers (Figure 2). However, the
substrates of these enzymes, for instance, remain obscure. In citrullination, only keratins, S100 family members
and LL37 have been identified as potential substrates. Whether proteins implicated in signaling pathways such as
STAT3, NF-κB are substrates of PADs? What is the role of each PAD in specific skin diseases such as psoriasis,
atopic dermatitis and skin cancers?

Moreover, the interplay between differential PTMs add to the complexity of illustrating the precise mechanism in skin
diseases. What are the dominant PTMs in each specific skin disease? For example, our group has found that ubiquitina-
tion of p65 subunit of NF-κB promoted its phosphorylation in psoriasis.64 Furthermore, additional PTMs of p65 are
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likely to exist, especially acetylation and sumoylation. Do they compete for the binding site of p65 or do they have other
modes to function? The answers to these and many other questions will be of great interest to PTMs researchers,
immunologists as they could lead to the identification of new therapeutic targets in inflammation-related skin diseases,
skin cancers and autoimmune skin diseases.

Figure 2 Implication of PTMs in skin diseases. (A) Perturbations of acetylation, parylation and glycosylation are implicated in the pathogenesis of psoriasis which is an
inflammatory skin disease. In the epidermis of psoriasis patients, decreased expression of PARP1 and deacetylase SIRT1, and higher expression of glycosyltransferase Fut8
contributed to keratinocyte hyperproliferation and inflammation, which triggered psoriasis development. (B) In skin cancers which is represented by melanoma, upregulation
of Fut8 and PARP1 contributed to cell invasion, inflammation and metastasis.
Abbreviations: P, phosphorylation; TF, transcription factors; Par, parylation.
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