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Abstract
Background: psoriasis vulgaris (PV) is a chronic autoimmune in�ammatory disease with epidermal
hyperkeratosis and parakeratosis.

Methods: the study was to elucidate the pathogenesis of PV by quantitative proteomic analysis of
skin lesion biopsies of PV and healthy tissues with tandem mass tags (TMTs) coupled with liquid
chromatography–mass spectrometry (LC-MS)/MS.

Results: a total of 4562 differentially expressed proteins (DEPs) between PV lesional tissues (n = 11) and
healthy tissues (n = 11) were identi�ed, of which 299 were upregulated and 206 were downregulated
using |fold change| > 1.3 as the cutoff threshold. The Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis revealed that the DEPs were
mainly enriched in the activation of immune cells (drug metabolism pathway, NOD-like pathway, and IL-
17 pathway), cell proliferation (ribosomal pathway, DNA replication pathway, and base replication
pathway), metabolism-related pathways (fatty acid biosynthesis and metabolism, PPAR pathway,
glycerophospholipid metabolism, and cortisol synthesis and breakdown), and glandular secretion (saliva
secretion, gastric acid secretion, and pancreatic �uid secretion). Thirteen DEPs that were relatively highly
expressed in the drug metabolism pathway were validated with parallel reaction monitoring (PRM), of
which MPO, TYMP, IMPDH2, GSTM4, and ALDH3A1 were highly expressed in PV, whereas CES1, MAOB,
MGST1, and GSTT1 were less expressed in PV.

Conclusions: These �ndings con�rmed that these proteins participate in the drug metabolism-other
enzyme pathways and play crucial roles in the activation and proliferation of immune cells in the
pathogenesis of PV. 

Background
In recent years, the development of multiple “-omic”-based approaches has provided an effective way to
identify and characterize proteins that are involved in the pathogenesis of PV. Swindell et al.[30] used the
method of Label-free GeLC-MS/MS and LTQ-Orbitrapnano LC-MS/MS �nding that 748 proteins had
differential levels between psoriatic lesional and non-lesional biopsies, including those with concordant
and discordant mRNA changes, and most of which were targeted by IL-17A.Tandem mass tags (TMTs)
are used in a quantitative proteomic approach that allows the quick identi�cation and quantitation of
thousands of proteins [8, 9, 10] to better understand the pathogenesis of diseases. However, very few
studies have examined the skin of PV lesions at the proteome level. Recently, we characterized
differentially expressed proteins (DEPs) with TMT-based quantitative proteomic analysis of peripheral
blood mononuclear cells from patients with PV [11]. Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis revealed the involvement of DEPs in the oxidative phosphorylation
pathway, the tricarboxylic acid cycle, and the nuclear factor (NF)-κB pathway in our previous study.
Besides, we also annotated some signi�cant proteins which was closely associated with psoriasis, for
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example, MPO, TYMP, IMPDH2, ALDH3A2, GSTM4, S100A8/9, COX5A, CD40, HLA-A, FABP5, STAT1/2/3,
IL-18, etc. Proteins with a differential expression between PV lesions and normal tissue can be considered
as pathological biomarkers for therapeutic development. Therefore, TMT-based quantitative proteomic
analysis provides new avenues for better understanding of the pathogenesis of PV at the protein level.

In the present study, TMT-based quantitative proteomic analysis was performed to identify DEPs by
comparing the skin lesions of PV patients and heathy tissues. PRM was �rst used to quantitatively verify
DEPs in skin lesions of PV patients and healthy human tissues. The �ndings will provide a fundamental
basis for exploring the pathogenesis of PV and speci�c proteins as potential therapeutic targets.

Materials And Methods
Sample collection and ethics statement

Skin lesional tissues were sampled from 11 PV patients (4 males and 7 females; average age, 34 ± 10
years; mean severity index, 9.2 ± 1.8 points) from November 2017 to April 2018 in the Outpatient
Department of the Tianjin Academy of Chinese Medicine. Patients were diagnosed as having PV
according to the diagnostic criteria described by Textbook of Dermatology [5] (Supplementary Table S1).
The details of the patients of their pathological sections were shown in Supplementary �g S1. In addition,
normal tissues were sampled from 11 healthy individuals without PV (2 males and 9 females; average
age, 34 ± 10 years) in the Outpatient Department as the control group. Statistical analysis with IBM SPSS
Statistical Version 24 (Armonk, NY) showed no signi�cant differences in age or gender between the case
and control groups. The tissue specimens were washed with phosphate-buffered saline (2–4 °C, pH 7.2–
7.4), placed in 5-mL Eppendorf tubes, immediately frozen in liquid nitrogen for 5–10 min, and stored at
-80 °C. All subjects provided a written informed consent prior to sample collection.

Protein extraction and trypsin digestion

Tissue specimens were quickly frozen in liquid nitrogen, pulverized into a �ne powder, and added to four
volumes of lysis buffer (8 M urea, 1% protease inhibitor, 2 mM EDTA protein lysate) for ultrasound lysis at
4 °C, followed by centrifugation at 12,000 × g for 10 min. The supernatant was transferred to determine
the protein concentration with a bicinchoninic acid assay kit (Bìyúntiān, Shanghai, China). The proteins
were reduced with 5 mM dithiothreitol protein solution at 56 °C for 30 min, and then iodoacetamide was
added to a �nal concentration of 11 mM for incubation in the dark at room temperature for 15 min. The
samples were diluted to a urea concentration < 2 M, and trypsin (trypsin:protein = 1:50) was added for
overnight digestion at 37 °C, followed by an additional trypsin (trypsin:protein = 1:100) digestion for 4 h.

TMT labeling

The lysed peptides were desalted with StrataXC18 (Phenomenex, Torrance, CA, USA) and lyophilized in
vacuo. The peptides were dissolved in 0.5 M tetraethylammonium bromide. The peptides from the
psoriasis group (pso) and the normal group (con) were divided into three groups, respectively, and labeled



Page 4/17

according to the instructions of the TMT kit (Thermo, Chicago, IL, USA): 126 is con_1, 127 is con_2, 128 is
con_3, 129 is pso_1, 130 is pso_2, and 131 is pso_3.

High-performance liquid chromatography (HPLC) fractionation

In total, 60 fractions were fractionated from the peptides of each sample in an Agilent 300 Extend C18
column (5 μm, 4.6 × 250 mm) using a gradient of 8% to 32% acetonitrile (pH 9) for 60 min. The eluents of
18 fractions were combined for lyophilization in vacuo.

Mass spectrometry quality control detection

Mass error of all identi�ed peptides were examined (Supplementary �g S2A), which were centered at 0
and are concentrated in the range below 10 PPM. Most peptide length were between 8 and 20 amino acid
residues (Supplementary �g S2B), which conformed to the law of trypsin digestion of peptide segment.

Liquid chromatography–mass spectrometry (LC-MS)/MS analysis

The peptides were dissolved in mobile phase A for liquid chromatography and separated using the EASY-
nLC1000 ultrahigh-performance liquid system. Mobile phase A consisted of aqueous 0.1% formic acid
and 2% acetonitrile, whereas mobile phase B consisted of 0.1% formic acid and 90% acetonitrile. The
liquid chromatography gradient was as follows: 0–20 min, 9–23% B; 20–33 min, 23–35% B; 33–37 min,
35–80% B; 37–40 min, 80% B; the �ow rate was 700 nL/min. The separated peptides were injected into
the nanospray ionization (NSI) ion source for ionization at a voltage of 2.0 kV and then analyzed by Q
ExactiveTM Plus mass spectrometry. Peptide precursor ions and their secondary fragments were detected
and analyzed using a high-resolution Orbitrap instrument. The �rst-order mass spectra (MS1) were
captured using a scan range of 350–1800 m/z with a scan resolution of 70,000, and the second-order
mass spectra (MS2) were received with a �xed scan range of 100 m/z and a secondary scan resolution
of 17,500. For data acquisition mode, a data-dependent scanning program was used for secondary mass
spectrometric analysis. The automatic gain control (AGC) was set to 5E4, the signal threshold was 10,000
ions/s, and the maximum injection time was 200 ms. Precursor ions were excluded from rescanning with
30 s of dynamic exclusion time of tandem mass scanning.

Protein identi�cation and database search

The MS data were searched in the protein sequence database SwissProt Human (20,317 sequences)
using Maxquant (v1.5.2.8). The parameter settings were as follows: digestion method, trypsin/P; number
of missed cut sites, 2; minimum peptide length, 7 amino acid residues; �rst-level precursor ion mass
tolerance of the �rst search and the main search, 20 ppm and 5 ppm, respectively; and secondary
fragment mass tolerance, 0.02 Da. The quantitative method was set to TMT-6plex with a false discovery
rate of 1% for the identi�cation of protein and peptide-to-spectrum matches.

PRM
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The peptides were separated by an ultrahigh-performance liquid system and injected into an NSI ion
source for ionization for analysis with Q ExactiveTM mass spectrometry with the following settings:
primary mass spectrometer AGC, 3E6; maximum ion implantation time (IT), 50 ms; secondary mass
spectrometer AGC, 1E5; maximum IT, 120 ms; and isolation window, 1.6 m/z. The peptide parameters
were as follows: protease, trypsin [KR/P]; maximum number of missed cleavage sites, 0; peptide length,
7–25 amino acid residues; and cysteine alkylation, �xed modi�cation. The transition parameters were as
follows: precursor ion charge, 2, 3; product ion charge, 1; and ion type, b, y. Fragment ion selection started
from the third to the last, while debris ion selection started from the third to the last, with an ion-matched
mass tolerance of 0.02 Da. The original data of PRM was in Supplementary �g S3.

Results
Identi�cation of DEPs

In total, 4562 proteins were identi�ed, of which 3648 proteins had quantitative information and
annotation terms (Supplementary Table S2). In addition, 505 DEPs were characterized using |fold-
change| > 1.3 as the cutoff criterion, of which 299 DEPs were upregulated and 206 DEPs were
downregulated.

 

Subcellular structure classi�cation of DEPs

As shown in Figure 1, the upregulated DEPs were mainly localized in the cytoplasm (36%), nucleus (25%),
extracellular space (20%), mitochondria (7%), and cell membrane (6%) (Fig. 1A); whereas the
downregulated DEPs were mainly localized in the extracellular space (28%), cytoplasm (25%), cell
membrane (16%), nucleus (12%), and mitochondria (11%).

 

GO analysis of DEPs

The DEPs were assigned by GOSeq (vision Release2.12) into three groups: biological process (BP),
cellular component (CC), and molecular function (MF). As shown in Figure 2, the upregulated DEPs were
mainly enriched in the ribosomes, cytoplasm, cytoplasmic small ribosomal subunits, and ribosomal
subunits; whereas the downregulated DEPs were mainly assigned to the extracellular matrix,
cytoskeleton, and cell membrane in the CC category. In the MF category, the upregulated DEPs were
enriched in the functions of ribosome structure composition, nucleic acid binding, RNA binding, and
structural molecular activity; whereas the downregulated DEPs were mainly assigned to Ca2+ binding,
extracellular matrix structure composition, protein complex binding, and collagen binding. In the BP
category, the upregulated DEPs were mainly assigned to ribosome activation, rRNA processes,
endoplasmic reticulum protein synthesis, nuclear transcriptional mRNA catabolism, and other processes;
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whereas the downregulated DEPs were mainly enriched in extracellular tissues, cellular lipid metabolism,
animal organ development, multicellular organisms, and lipid biosynthesis.

KEGG pathway enrichment analysis of DEPs

KEGG analysis was also applied with the Database for Annotation, Visualization, and Integrated
Discovery (https://david.ncifcrf.gov/) to functionally enrich gene functions and to identify functional and
metabolic pathways. As shown in Figure 3, the DEPs were mainly enriched in 38 pathways. The
upregulated DEPs were mainly enriched in the ribosomal pathway, DNA replication pathway, antigen
processing and presentation, and the nucleotide oligomerization domain (NOD)-like receptor pathway,
followed by the cell cycle pathway, base repair pathway, interleukin (IL)-17 pathway, drug metabolism
pathway, cytokine receptor interaction pathway, malaria, in�ammatory bowel disease, and herpes simplex
infection (Fig. 3A). The downregulated DEPs were mainly assigned to the fatty acid synthesis pathway,
fatty acid metabolism pathway, peroxisome proliferator-activated receptor (PPAR) pathway,
glycerophospholipid metabolism pathway, cell adhesion molecule and drug metabolism-P450 pathway,
followed by drug metabolism-other enzyme pathway, protein digestion and absorption pathway, cortisol
synthesis pathway, pancreatic juice secretion pathway, saliva secretion pathway, and gastric juice
secretion pathway (Fig. 3B).

Cluster analysis of DEPs

The DEPs were divided into four groups for cluster analysis of GO and KEGG using the following |fold-
change| as the cutoff thresholds: Q1 (0 < Ratio ≤ 1/1.5), Q2 (1/1.5 < Ratio ≤ 1/1.3), Q3 (1.3 < Ratio ≤
1.5), and Q4 (Ratio > 1.5).

In the BP category, the GO terms of the upregulated DEPs were mainly enriched in protein synthesis, cell
differentiation, and activation of in�ammatory signaling pathways, such as chronic in�ammatory
response, T cell activation, NK cell activation, tumor necrosis factor (TNF) production regulation,
synthesis of large nucleic acid subunits, cell cycle phase transition, epidermal differentiation, defense
response, membrane localization of proteins, and synthesis and decomposition of cellular
macromolecules. The downregulated DEPs were mainly related to cell proliferation, including cell
responses to carbohydrates and the PPAR signaling pathways, collagen proliferation regulation, lipid
metabolism process, cell adhesion molecule regulation, and cytoskeleton development (Fig. 4A).

As shown in Figure 4B, in the CC category, the upregulated DEPs were mainly related to the body’s cellular
immunity such as lysosomes, endoplasmic reticulum membrane space, MHC-II protein complex, nuclear
chromosomes, telomere regions, DNA polymerase, and aniline blue particles. The downregulated DEPs
were mainly enriched in the extracellular matrix, basement membrane, micro�bers, supramolecular
polymers, and nucleosomes, which may be closely related to keratinization and proliferation as well as
dermal papillary capillary proliferation in the pathogenesis of PV.

https://david.ncifcrf.gov/
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In the CC category, the upregulated DEPs were mainly associated with immune defense, including MHC-
type II receptor activation, antigen binding, cytokine activation and binding, transferase activity, nucleic
acid activation, Toll-like receptor (TLR)-4 binding, helicase activation, and carboxylic acid binding. The
downregulated DEPs were mainly related to PV epidermal proliferation such as collagen binding,
extracellular matrix binding, and oxidoreductase activity (Fig. 4C).

KEGG cluster analysis revealed that the upregulated pathways included the ribosome pathway, DNA
replication pathway, NOD-like receptor pathway, IL-17 pathway, cell circulation pathway, and drug
metabolism pathway, which might be associated with protein synthesis, in�ammatory activation, and cell
proliferation. The downregulation pathways were mainly related to apoptosis, protein recognition, and
energy metabolism, including fatty acid biosynthesis pathways, fatty acid biometabolism pathways,
PPAR pathways, and glycerophospholipid metabolism pathways (Fig. 4D).

 

PRM veri�cation

Thirteen target proteins that are involved in two drug metabolism pathways (drug metabolism-other
enzymes, drug metabolism-cytochrome P450 pathway) were validated by PRM, of which 10 were
quantitated, and 9 of 10 were signi�cant (Table 1). Among them, myeloperoxidase (MPO), thymidine
phosphorylase (TYMP), inosine monophosphate dehydrogenase 2 (IMPDH2), glutathione S-transferase
mu 4 (GSTM4), and aldehyde dehydrogenase, dimeric NADP-preferring (ALDH3A1) were highly expressed
in PV; whereas carboxylesterase 1 (CES1), monoamine oxidase B (MAOB), microsomal glutathione S-
transferase 1 (MGST1), and glutathione S-transferase theta-1 (GSTT1) were less expressed in PV tissues
(Fig. 5). The three proteins MPO (p/c: 17.05, P < 0.05), TYMP (p/c: 2.44, P < 0.05), and IMPDH2 (p/c: 1.78,
P < 0.05) in the drug metabolism-other enzyme pathways were signi�cantly highly expressed in the PV
lesional tissues (Fig. 5). The PRM results were consistent with those of TMT-LC-MS/MS, showing a
signi�cant increase in the fold change and further con�rming the involvement of drug metabolism-other
enzyme pathways in the pathogenesis of PV.

Discussion
Psoriasis is a chronic autoimmune in�ammatory disease associated with multiple metabolism disorders
of the epithelium that is regulated by the interactions between keratinocytes, dendritic cells, and T
lymphocytes. The skin is the body’s �rst line of defense and participates in innate immune responses by
activating surface receptors including TLRs and NOD‐like receptors [6]. Previous studies have
demonstrated strong associations between PV and various biological processes such as cell
proliferation, apoptotic regulation, cell defense response, and oxidative stress. The cellular innate and
adaptive immune responses, especially the activation of T cells, play a critical role in the pathogenesis of
PV. Although there is no cure for psoriasis yet, many treatments can greatly reduce symptoms.
Cyclosporine A, an immunosuppressive agent that inhibits T-cell proliferation and cytokine production,
was the �rst clinical agent used to treat psoriasis, and the clinical data suggest a potential role of T cells
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in the pathogenesis of psoriasis. Recently, T cell-targeted monoclonal antibodies such as the anti-IL-17A
agent secukinumab, anti-CD4 monoclonal antibody, and cytotoxic T lymphocyte-associated antigen 4-
immunoglobulin have demonstrated signi�cant therapeutic e�cacy in the treatment of psoriasis [13].
Additionally, proteomic-based platforms have been emerging as increasingly powerful methods to
identify both the potential mechanisms and biomarkers of disease pathogenesis. We identi�ed 4404
DEPs that were mainly involved in the oxidative phosphorylation pathway, the tricarboxylic acid cycle,
and the NF-κB and RAS signaling pathways in our previous study. Western blot con�rmed higher
expression levels of P50/P65/IKKβ in the lymphocytes of PV patients compared with those of heathy
controls [11]. The proteins identi�ed by LC-MS/MS, including SFN, GSTP1, FABP5, S100A7, and RABP2,
were also observed to be upregulated in psoriasis lesional tissues [14,15].

To the best of our knowledge, the current study revealed a strong association between protein expression
in psoriasis lesions and drug metabolism pathways for the �rst time. The proteins identi�ed in our
previous study, including MPO, TYMP, IMPDH, ALDHs, and GSTT1, were also highly expressed in this
study, which indicated that drug metabolism played an important role in the pathogenesis of psoriasis.
PRM validation of 9 proteins that were highly expressed in the drug metabolism pathway further
con�rmed signi�cant upregulation of MPO (17.05), TYMP (2.44), and IMPDH2 (1.78) in psoriasis lesions.
These proteins are closely related to the activation of T cells and neutrophils, among which MPO is an
indicator of neutrophil function and activation [16]. It has been shown that neutrophil phagocytic activity
is reduced in MPO-de�cient patients with generalized pustular psoriasis [17], leading to a small degree of
infection compared with the MPO-normal patients. MPO has been proven to play a key role in
aggravating the in�ammatory response and tissue damage in PV patients. In addition, TYMP has been
demonstrated to directly stimulate the expression of angiogenic factors such as VEGF, TNFα, and IL-8 [18]
as well as promote angiogenesis [19,20]. Moreover, IMPDH2, which is synthesized by guanine nucleotide
rate-limiting enzymes, provides guanine nucleotides for T cell proliferation [21,22] and is highly expressed
in proliferating tumor tissues [23]. The function and roles of TYMP and IMPDH2 and other proteins
participating in the drug metabolism pathway in the pathogenesis of PV are unknown and need to be
further studied.

The present study identi�ed 505 DEPs, among which upregulated DEPs were mainly enriched in the
processes of nucleic acid binding, RNA binding, ribosome activation, and endoplasmic reticulum protein
synthesis, suggesting that PV involves the proliferation of keratinocytes [24]. The downregulated DEPs
were mainly assigned to the processes of extracellular matrix structural composition, protein complex
binding, collagen binding, and cell lipid metabolism, indicating a reduction in the synthesis of psoriatic
extracellular matrix. The extracellular matrix consists of the basal cells anchoring the basement
membrane. The reduction in the synthesis of extracellular matrix might be related to the epidermal
remodeling of psoriatic lesions [25]. Furthermore, the pathogenesis of PV is related to the activation of a
variety of immune cells. In the present study, DEPs were signi�cantly enriched in a variety of immune cell
activation processes, including T cell activation and leukocyte activation, and immune cell composition
processes such as aniline blue granule synthesis, antibacterial peptide synthesis, S100 protein binding,
TNF production regulation, and cytokine activation and binding. KEGG pathway enrichment analysis
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revealed signi�cant associations between several pathways and the pathogenesis of PV, including
upregulation of the NOD-like receptor pathway, antigen processing and presentation, in�ammatory bowel
disease, the IL-17 pathway, and cytokine receptor interactions as well as downregulation of the PPAR
pathway, fatty acid metabolism, cell adhesion molecules, and protein digestion and absorption. Recent
studies also have con�rmed the associations between these pathways and occurrence and development
of PV [26,27,28,29].

Conclusion
In conclusion, the present study successfully identi�ed a set of DEPs with quantitative proteomic
technologies. Nine proteins (MPO, TYMP, IMPDH2, GSTM4, ALDH3A1, CES1, MAOB, MGST1, and GSTT1)
are potential biomarkers of PV pathogenesis. These �ndings provide novel insight into the pathogenesis
of PV for the future investigation of immunotherapy techniques.

Declarations
Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Availability of data and material

All data generated or analyzed during this study are included in this published article and its additional
�les.

Competing interests

The authors declare no competing �nancial interests.

Finding

This work was supported by the National Natural Science Foundation of China (Grant No. 81573991).

Authors' contributions

Yu Li and Hongmei Wang designed experiments; Yu Li performed experiments and drafted the
manuscript; Yu Li, Peng Lin, Shuang Li, Rui Wang, Lin Yang collected the samples of patients; Yu Li and
Siyao Wang performed statistical analysis and prepared �gures and tables; All authors contributed to
reviewing of each manuscript version. All authors read and approved the �nal manuscript.



Page 10/17

Acknowledgments

The authors would like to thank PTM-Biolabs Co., Ltd. (Hangzhou, China) for mass spectrometric
analysis and help with manuscript preparation.

References
1. E. Gudjonsson, A. Johnston, H. Sigmundsdottir, et al, Immunopathogenic mechanisms in psoriasis.

Clin. Exp. Immunol. 2004, 135, 1.

2. Ding, T. Wang, Y. Shen, et al. Prevalence of psoriasis in China: a population-based study in six cities.
Dermatol. 2012, 22, 663.

3. Sewerin,P.,Brinks,R.,Schneider,M., et al. Prevalence and incidence of psoriasis and psoriatic
arthritis[J]. Annals of the Rheumatic Diseases,2018, .

4. Saleem, M. D., Kesty, C., & Feldman, S. R. Relative versus absolute risk of comorbidities in patients
with psoriasis. Journal of the American Academy of Dermatology, 2017,76(3), 531–537. 

5. Champion RH, Burton JL, Burns DA, Breatnatch SM (eds).Textbook of Dermatology. Oxford:
Blackwell Science, 1998pp 1589-1649.

�. Lowes,M.A.,Suárez-Fariñas,M.,Krueger,J.G.(2014).Immunology of Psoriasis. Annual Review of
Immunology,2014,32(1), 227–255.

7. Kim, H.-N., Han, K., Park, Y.-G., & Lee, J. H, et al. Metabolic syndrome is associated with an increased
risk of psoriasis: a nationwide population-based study. Metabolism. 2019, 19-24.

�. Hasin Y, Seldin M, Lusis A, et al. Multi-omics approaches to disease. Genome Biol. 2017; 18: 83.

9. Tsai, C.-F., Smith, J., Krajewski, K., et al. TMT labeling facilitates RPLC-MS analysis of hydrophilic
phosphopeptides. Analytical Chemistry. 2019, 91(18), 11606-11613.

10. Dong, H., Li, Y., Fan, H., et al. Quantitative proteomics analysis reveals resistance differences of
banana cultivar “Brazilian” to Fusarium oxysporum f. sp. cubense races 1 and 4. Journal of
Proteomics. 2019, 203, 103376.

11. Wang, H., Li, F., Wang, Y., Li, Y., & Yang, H, et al. Quantitative Analysis of the Global Proteome in
Peripheral Blood Mononuclear Cells from Patients with New-Onset Psoriasis. PROTEOMICS, 2018.
e1800003.

12. S.L., Gao H.P., Zhang J., Ye X, et al. Stable isotope labeling and parallel reaction monitoring-based
proteomic quanti�cation for biomarker screening and validation of hepatocellular carcinoma.
Chinese Journal of Chromatography. 2017, 35(9), 934-940.

13. Hawkes JE, Chan TC, Krueger JG. Psoriasis Pathogenesis and the Development of Novel, Targeted
Immune Therapies[J]. J Allergy Clin Immunol. 2017 September ; 140(3): 645–653.

14. Ryu J, Park SG, Park BC, et al. Proteomic analysis of Psoriatic skin tissue for identi�cation of
differentially expressed proteins: upregulation of GSTP1, SFN, and PRDX2 in Psoriatic skin. Int J Mol
Med. 2011;28(5):785–792. 118.

https://www.ncbi.nlm.nih.gov/pubmed/14678257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hawkes%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=28887948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=28887948
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krueger%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=28887948


Page 11/17

15. Williamson JC, Scheipers P, Schwammle V, et al. A proteomics approach to the identi�cation of
biomarkers for Psoriasis utilising keratome biopsy. J Proteomics. 2013;94:176–185. 119.

1�. Nussbaum, C., Klinke, A., Adam, M., Baldus, S., et al. Myeloperoxidase: A Leukocyte-Derived
Protagonist of In�ammation and Cardiovascular Disease. Antioxidants & Redox Signaling,
2013,18(6), 692–713.

17. O Stendahl, B I Coble, C Dahlgren, et al. Myeloperoxidase modulates the phagocytic activity of
polymorphonuclear neutrophil leukocytes. Studies with cells from a myeloperoxidase-de�cient
patient[J]. J Clin Invest. 1984 Feb; 73(2): 366–373.

1�. Li, W., & Yue, H. Thymidine phosphorylase: A potential new target for treating cardiovascular disease.
Trends in Cardiovascular Medicine, 2018, 28(3), 157–171.

19. Weng, S.-H., Tseng, S.-C., Huang, Y.-C., et al. Inhibition of thymidine phosphorylase expression by
using an HSP90 inhibitor potentiates the cytotoxic effect of cisplatin in non-small-cell lung cancer
cells. Biochemical Pharmacology, 2012, 84(1), 126–136.

20. Marangoni, E., Laurent, C., Coussy, F., et al. Capecitabine E�cacy Is Correlated with TYMP and RB1
Expression in PDX Established from Triple-Negative Breast Cancers. Clinical Cancer Research, 2018,
24(11), 2605–2615.

21. Shah, C. P., & Kharkar, P. S, et al. Newer human inosine 5′-monophosphate dehydrogenase 2
(hIMPDH2) inhibitors as potential anticancer agents. Journal of Enzyme Inhibition and Medicinal
Chemistry, 2018, 33(1), 972–977.

22. Duong-Ly, K. C., Kuo, Y.-M., Johnson, M. C., et al. T cell activation triggers reversible inosine-5′-
monophosphate dehydrogenase assembly. Journal of Cell Science, jcs. 2018, 131(17).

23. Zhao, Y., Yang, Y., Dai, J., Xing, D., & Dong, Y, et al. IMPDH2 is highly expressed in breast cancer and
predicts unfavourable prognosis. Biomarkers, 2018, 1–9.

24. Surace, A. E. A., & Hedrich, C. M. The Role of Epigenetics in Autoimmune/In�ammatory Disease.
Frontiers in Immunology, 2019, 10.1525.

25. McFadden, J., Fry, L., Powles, A. V., & Kimber, I. Concepts in psoriasis: psoriasis and the extracellular
matrix. British Journal of Dermatology, 2012, 167(5), 980–986.

2�. Hawkes, J. E., Yan, B. Y., Chan, T. C. et al.Discovery of the IL-23/IL-17 Signaling Pathway and the
Treatment of Psoriasis. The Journal of Immunology, 2018.201(6), 1605–1613.

27. Tervaniemi, M. H., Katayama, S., Skoog, T., Siitonen, et al. NOD-like receptor signaling and
in�ammasome-related pathways are highlighted in psoriatic epidermis. Scienti�c Reports, 2016, 6(1).

2�. Silvio M. Vieira, Thiago M. Cunha, Rafael F. O. et al. Joint NOD2/RIPK2 signaling regulates IL-17 axis
and contributes to the development of experimental arthritis.[J]. J Immunol.2012 May
15;188(10):5116-22.

29. Tai Y, Wang Q, Korner H,et al. Molecular Mechanisms of T Cells Activation by Dendritic Cells in
Autoimmune Diseases[J]. Front Pharmacol. 2018 Jun 26;9:642.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Stendahl%20O%5BAuthor%5D&cauthor=true&cauthor_uid=6321554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coble%20BI%5BAuthor%5D&cauthor=true&cauthor_uid=6321554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahlgren%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6321554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC425026/
http://www.yz365.com/Archive/Volume/3fbf9251-6516-4630-b0cf-b87bce2bf0d5
https://www.ncbi.nlm.nih.gov/pubmed/22491249
https://www.ncbi.nlm.nih.gov/pubmed/22491249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29997500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=29997500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korner%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29997500
https://www.ncbi.nlm.nih.gov/pubmed/29997500


Page 12/17

Table

Table 1. PRM quantitative results of 9 DEPs 

Protein
Accession

Protein
Gene

con Relative
Abundance

pso Relative
Abundance

pso/con
Ratio

pso/con
Ratio (TMT)

pso/con
P-value

P05164 MPO 0.11 1.89 17.05 2.04 2.92E-09
P19971 TYMP 0.58 1.42 2.44 1.66 7.02E-05
Q03013 GSTM4 0.66 1.34 2.04 1.63 1.04E-05
P12268 IMPDH2 0.72 1.28 1.78 1.35 1.25E-04
P30838 ALDH3A1 0.80 1.20 1.50 1.41 1.56E-05
P27338 MAOB 1.24 0.76 0.62 0.71 9.81E-03
P10620 MGST1 1.29 0.71 0.55 0.54 1.63E-03
P23141 CES1 1.42 0.58 0.41 0.59 4.86E-05
P30711 GSTT1 1.57 0.43 0.28 0.41 3.62E-06

Figures

Figure 1

Subcellular localization of DEPs. A. Upregulated DEPs. B. Downregulated DEPs.
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Figure 2

GO annotation of 505 DEPs (pso/con). A. Upregulated DEPs. B. Downregulated DEPs. The values on the
horizontal axis are negative logarithmic conversions of signi�cant P values (P < 0.05).
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Figure 3

KEGG enrichment pathways (pso/con). A. Upregulated DEPs. B. Downregulated DEPs. The values on the
horizontal axis are negative logarithmic conversions of signi�cant P values (P < 0.05). C. Drug
metabolism-other enzyme pathways. D. Drug metabolism-cytochrome p450 pathways.
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Figure 4

Heat map of cluster analysis for GO annotation and KEGG enrichment pathways. A. GO term BP. B. GO
term CC. C. GO term MF. D. KEGG pathways.
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Figure 5

The PRM peak area of the selected DEPs. A. Ion peak area distribution of the IANVFTNAFR fragment
corresponding to MPO protein. B. Ion peak area distribution of the VFFASWR fragment corresponding to
MPO protein. C. Ion peak area distribution of the EQEELLAPADGTVELVR fragment corresponding to
TYMP protein. D. Ion peak area distribution of the ALQEALVLSDR fragment corresponding to TYMP
protein. E. Ion peak area distribution of the LPIVNEDDELVAIIAR fragment corresponding to IMPDH2
protein. F. Ion peak area distribution of the VAQGVSGAVQDK fragment corresponding to IMPDH2 protein.
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