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Psoriatic disease (PsD) is a spectrum of diseases that affect both skin [cutaneous psoriasis (PsC)] and musculoskeletal features [psoriatic arthritis (PsA)]. A considerable number of patients with PsC have asymptomatic synovio-entheseal inflammations, and approximately one-third of those eventually progress to PsA with an enigmatic mechanism. Published studies have shown that early interventions to the very early-stage PsA would effectively prevent substantial bone destructions or deformities, suggesting an unmet goal for exploring early PsA biomarkers. The emergence of proteomics technologies brings a complete view of all involved proteins in PsA transitions, offers a unique chance to map all potential peptides, and allows a direct head-to-head comparison of interaction pathways in PsC and PsA. This review summarized the latest development of proteomics technologies, highlighted its application in PsA biomarker discovery, and discussed the possible clinical detectable PsA risk factors in patients with PsC.
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INTRODUCTION

Psoriatic disease (PsD), as an umbrella term, describes a systemic inflammatory disease that predominantly affects the skin [cutaneous psoriasis (PsC)] and musculoskeletal features [psoriatic arthritis (PsA)], with ~125 million patients worldwide (1, 2). The concept of PsD indicates the realization of the common inflammatory and metabolic pathways working on the skin and synovium (3). Although it is still controversial whether PsC and PsA shared the same immunological factors or belonged to the same spectrum of diseases, studies from genetic and proteomics confirmed the overlap between PsC and PsA (4–8).

Psoriatic arthritis is characterized by multiple joints stiffness, pain, and swelling with insidious onset (1, 9). Poor prognosis with debilitating joint destruction brings a tremendously negative impact on the life quality of all patients (10). It affects one in five people who have a psoriasis diagnosis, while only 15% of PsA cases get cutaneous lesions after arthritis onset (11, 12). After the initiation of psoriasis, the prevalence of PsA grows over time, hitting 20% after 30 years (13, 14). It is significant to identify patients who are at risk for PsA and enable targeting therapies to prevent and intercept the joint involvement at a very early stage of the psoriatic arthropathy (15, 16). A 6-month delay in joint destruction detection is linked to a significantly lower treatment response (17).

Psoriatic arthritis was strongly associated with nail, scalp, skinfold, elbow/knee involvement, the severity, early onset age, and total disease time of the cutaneous presentation (18–20). Symptoms like arthralgia in female psoriasis patients indicated a high chance of developing PsA (21). Although not all PsO patients with joints pain have PsA, a longitudinal study confirmed that compared with psoriatic patients without joint complaints (PsO), those with arthralgia (PsOAr) were more likely to develop PsA in the subsequent follow-up period (22).

Psoriatic arthropathy, an early stage of joint involvement that may not fulfill the PsA diagnostic criteria, is more common than PsA in PsO patients (23). For those with asymptomatic joint abnormalities, early synovio-entheseal inflammation or bone erosion can be detected by imaging features like ultrasonography or MRI (24, 25). However, with these predictors, it is still hard to foresee the possibility of the transition to PsA (26). Unlike rheumatoid arthritis (RA), the absence of serum diagnostic biomarkers impedes the identification of very early PsA from PsC patients (8, 9, 27).

“Omic” technologies have achieved enormous progress in their development and application over the past decades, which provided an unprecedented opportunity to decipher the entire genes (genomics), mRNA (transcriptomics), proteins (proteomics), and metabolites (metabolomics) of a specific biological sample (28, 29). Notably, advances in proteomics have made it possible for the head-to-head comparisons of potential biomarkers in the heterogeneity of PsD (8, 30). The present article reviewed the latest development of proteomics technologies, summarized its application in PsA biomarker discovery, and discussed the possible clinical detectable PsA risk factors in PsC patients.



RECENT DEVELOPMENTS IN PROTEOMICS TECHNOLOGIES

Proteome, as the ultimate goal for biomarker discovery, is the analysis of the whole protein materials of a disease or a biological sample, which offers possibilities to track the changes in protein expression under different conditions (31, 32). Present proteomic technologies could be addressed either as system-wide and unbiased tools such as antibody-based assay, aptamer-based assay, and mass spectrometry (MS) or a highly sensitive targeted immunoassay, such as the proximity extension assay (PEA) (33–35).

Mass spectrometry is a powerful and flexible instrument for characterizing proteins in their entirety (36–38). Of note, the introduction of high-throughput and high sensitivity protein identification and quantification methods to the single-cell proteomics and multi omics technologies help identify the candidate biomarkers in a protein-centric molecular way (29, 39–41). Ample studies have shown that the protein expression profile in the serum of patients with PsC or PsA can be illustrated via multiple MS approaches, including data-dependent methods (such as label-based, label-free, MuDPIT, and shotgun proteomics) and targeted data-independent approaches (such as SWATH and MSE, multiple reaction monitoring, phospho-, and ubiquitinoylation-targeted proteomics) (35, 42). Furthermore, an emerging concept of “proteogenomics” produced fused the insights of proteomic and genomic, in which genomic events, such as SNPs, mutations, insertions, deletions, and substitutions and be detected with a better understanding of its effects at the protein level (43–45). With the help of a series of peptide-to-spectra matches (PSM) by assigning fragment ion mass spectra to peptide sequences, which is similar to proteomics, proteogenomics query the search engines with a customized protein FASTA, which contain both genomes- and protein-modified sequence (46). More recently, an integrated proteomics pipeline (IPP) was established to combine a variety of search engines to improve the sensitivity of novel peptide identifications with a novel “cascade search” method, which maximizes the accuracy and reliability of new candidate biomarker discovery. The current proteogenomics application mainly focuses on precision oncology, which assists in differentiating the subtypes and relevant pathways of tumors (47–53). Although no studies have shown its application on rheumatic diseases, proteogenomics is now the primary suggestion for PsC/PsA biomarker discovery (2, 30).

Proximity extension assay is a novel technology with up to 96-plex immune assays invented by Olink Proteomics (Uppsala, Sweden), which consolidates quantitative real-time PCR (54, 55). It was based on a dual recognition of selected antibodies with which biomarker-specific DNA “barcodes” oligonucleotides were labeled. The unique DNA will be merged by high-throughput relative quantification microfluidic qPCR for up to 1,161 human proteins in the plasma (54, 55). Compared with LC-MS/MS, PEA covers a broader dynamic range with higher sensitivity, which provides sensitive and specific detection of low-abundant proteins in human blood and other body fluid samples (55–58). Moreover, PEA also tends to be less influenced by multiplex ELISA technical problems, such as antibody crossreactivity and interassay variability (59). PEA has been widely applied in non-clinical biomedical research to decipher minute protein concentrations in minute sample volumes. In contrast, current studies have seen more applications of PEA in exploring both diagnostic markers and inflammation key components (60, 61).



PROTEOMICS IN POTENTIAL BIOMARKER DISCOVERY OF PSA TRANSITION

Identifying early asymptomatic PsA in patients with PsO has been recognized as a historically complex issue with no exact serum diagnostic biomarkers used in daily clinical practice (8). Proteomics is extensively adopted in biomarker exploration. The emergence of proteomic technologies allows deciphering the changes in protein expression under diseased conditions. The following session of this work will review the detected possible predictors that may indicate early preclinical and subclinical PsA under the novel proteomics technologies (62) (Figure 1).
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FIGURE 1. Overview of the potential biomarkers of PsA found through proteomic technologies from four different kinds of biological samples: Biomarkers from synovial fluid and skin tissues are presented in the figure. No possible biomarkers are found from urine and serum. PsA, psoriatic arthritis; PEA, proximity extension assay.



Proteomics in Peripheral Blood

Plasma and serum are extensively applied for proteomics-based biomarker discovery (63). Plenty of studies highlighted both PsA diagnostic and prognostic biomarkers with the help of MS proteomics technology (64). Serum proteome can also be obtained by PEA, an emerging technology previously explored in immune-mediated diseases of the skin, such as atopic dermatitis (65, 66). In a head-to-head comparison of serum biomarkers between PsC and PsA, Leijten et al. chose a high-throughput serum biomarker platform (Olink) to evaluate the concentrations of 951 serum proteins in both patients with PsA and PsC. Although no biomarkers with a significant difference were found between PsC and PsA, PASI scores were found most strongly correlated to the proteins PI3, IL-17 receptor A, MMP-1, and SERPING8, when patients with PsA and PsO belonged to one group. When analyzing PsA patients as one group separately, PASI score was found correlated to Gal-4 and IGFBPL1. Four proteins including Intercellular adhesion molecule-1 (ICAM1), CC chemokine ligand 18 (CCL18), Dipeptidyl-peptidase 4 (DPP4), Vascular endothelial growth factor D (VEGFD), were found correlate to arthritis activity evaluated by swollen joint count (SJC), among which ICAM-1 and CCL18 were reported relevant to synovial tissue in rheumatoid arthritis activity. The swollen joint count (SJC) was identified, among which ICAM-1 and CCL18 were reported relevant to synovial tissue in RA, whereas VEGFD was proposed to participate in the pathogenesis of arthritis. DPP4 was only found to be related to type 2 diabetes mellitus rather than in arthritis development (8, 67–71).

It was found that there were 20 dysregulated proteins, which specially existed in the serum of patients with PsA, which showed at the normal range in the PsO group when compared with the health control (8). Though the published research suggested, it is difficult to find a simple diagnostic protein from the serum to discriminate patients with PsA from patients with PsO, there is still a scarcity of serum proteome with PEA technology, and the mentioned study was completed with a small number of samples. Besides the 11 selected platforms encompassing only inflammatory proteins, more proteins reflected bone turnover and tissue biological changes, such as matrix metalloproteinase (MMPs) (72).

Although human plasma is believed to be a feasible and less invasive source with a rich proteome, potential biomarkers secreted by the targeted tissues may be diluted in the blood with an undetectable concentration by current MS methods (73). In addition, many coexisting factors in the peripheral blood may interfere with the candidate soluble potential proteins. Thus, other biological samples, such as synovial fluid (SF) and skin, have drawn more interest to be analyzed (74). Besides, some authorities recommended a more specific method to finding serum markers after the proteomics of inflamed synovial biomarkers (75).



Proteomics in Synovial Samples

Synovium is the primary affected site in most inflammatory arthritis (74). Many pathological modifications in inflamed synovial tissue are mirrored in the SF, which was more easily accessible and widely studied (76). SF is a versatile source for proteins from the synovial membrane, cartilage, and plasma, depicting the pathophysiological issues that cause arthritis (77). A previously performed label-free MS quantitation of SF proteomics identified and verified 12 candidate PsA markers, including MPO, M2BP, DEFA1, H4, H2AFX, ORM1, CD5L, PFN1, and C4BP, as well as the top three upregulated proteins: MMP3, S100A9, and CRP (78). In another age-matched study, 10 SF samples from patients with PsA who were examined by using liquid chromatography-tandem MS quantitation revealed that Periostin (POSTN) and phosphoglycerate kinase 1 (PGK1) were upregulated with folded ratio compared with healthy controls (79). Although both studies showed a promising direction in SF proteome, no available data compared SF biomarkers between PsA and PsC samples.

The acquisition of SF is more feasible than synovial tissue, but it is undeniable that SF sometimes provides only indirect biomarkers (80). In the study of RA, the analysis of synovial tissue samples offered great insights into both epigenetic and proteomic changes in patients with very early-stage RA. Therefore, synovial tissue might also be helpful and become a more precise target source in investigating PsA (74, 81).



Proteomics in Skin Lesion Biopsy

Skin manifestations, which include psoriasis Vulgaris or plaque psoriasis, were strongly associated with PsA (82). One hypothetical model for PsA transition was a systematic expansion of inflammation from the skin to synovio-entheseal tissues (62, 83). Factors that caused cutaneous diseases in the skin were released to promote a systemic dysregulated immune-mediated response and to develop musculoskeletal lesions after a second hit, such as trauma, infection, etc. (84, 85). Hence, it is of great need to explore the skin proteome in patients with PsA and PsC. Label-free quantitation of skin proteins verified 47 different peptides between samples in the two groups. After validation in serum by ELISA, integrin β5 (ITGB5), a group of transmembrane receptors function on cell adhesion, increased significantly in the PsA group when compared with the PsC group. Besides POSTN, a secreted extracellular matrix protein originally derived from the osteoblasts, was believed as a potential serum biomarker with a slightly higher concentration in PsA patients than in PsC patients (86). Another latest research using isobaric tags for relative and absolute quantitation (iTRAQ), a labeled MS technology, found 2-5-oligoadenylate synthase levels in both serum and psoriatic epidermis that were positively correlated with the severity of psoriasis through PASI and BSA (87, 88). As some data suggest, severe psoriasis can account for another cutaneous feature with a higher risk and prevalence of psoriatic arthropathy. The plasma membrane ATPase (derived from the OSA2 gene) might become another possible predictor for early joint inflammations in psoriatic patients (89, 90). Although these results are promising, limitations such as small sample numbers and the absence of further repetitive investigations in skin proteome impede the uncover of candidate PsA biomarkers, as well as the understanding of the underlying mechanism. There is no published research involving synovial tissue proteome in patients with PsA or PsC. Farnebo et al. performed MS analysis on a rabbit tendon injury model to compare protein expression in intrasynovial tendon grafts and extra synovial tendon grafts, which offered a possible substitute for the hard-to-access human samples (91).



Proteomics in Urine

Urine is another excellent source for both systemic and renal inflammatory biomarker exploration for its non-invasive sample collection approach as well as the low dynamic analytes range (92). Most proteins identified in urine are filtered from the plasma or generated by inflammatory renal cells, contributing to a relatively small number of proteins appearing in the urine in patients with normal kidney function (93). Meanwhile, active proteases in the urine limit the degradation of biomarkers, leading urinary proteomics with MS-based analysis to become one of the most attractive directions in disease biomarker discovery (94, 95). Most published literature utilized urine proteome as a target for detecting biomarkers to kidney and cardiovascular diseases, with only a few describing urine proteomics technologies on inflammatory arthritis (64, 96, 97). In research exploring urine biomarkers in four different arthritis [RA; PsA; osteoarthritis (OA); and inflammatory bowel diseases (IBD)], 50 most significant peptides, including 80% specific for one group only, and a minor overlap were found through urinary proteomics (98). However, the most detectable peptide markers in this study were collagen fragments previously derived from proteins functionally different from arthritis, which may be due to the filtration of the glomerulus or the limited uncovered nature of the peptides in the urine (98). The result indeed showed the potent application of urine proteomics and peptidomics in the future (99). More longitude cohort studies in a large number of samples should be carried out in the future.




CONCLUSION

Over the past two decades, PsD is gradually considered a systematic inflammation that causes multiple associated comorbidities across the body rather than a simple disease cutaneous lesion (100). The emergence of skin presentation of psoriasis offers a unique opportunity for early management for those at high-risk systematic progression (101). Although existing reviews have already pointed out that imaging methods, such as ultrasound and MRI, can also become a valuable method to detect early the inflammatory lesions of joints, the expensive costs of exam fees and related equipment, and the long waiting time are limitations. Examination time and hard-interpreted imaging results for non-professional clinicians were all hurdles that hamper the prevalence of application on imaging examinations on patients with PsC (22, 25, 102). Consequently, a fast exam kit with an accessible kit becomes more necessary, suggesting an imperative need to explore a possible biomarker. The immense development and utilization in proteomics have provided an extraordinary chance to detail the molecular and mechanistic understanding of PsD pathways, decode the potential biomarkers, and investigate more effective intervention therapies (103, 104).

This review summarized the current approaches applied in the early PsA proteome. Compared with the traditional LC-MS/MS methods in proteogenomics, PEA provides more sensitive and specific detection for a more considerable range of low-abundant proteins in human blood and other body fluid samples (55–58). However, the need for the custom panel of biomarkers also restricted the exploration of the unknown proteins. Only a few studies that focused on psoriatic arthropathy finished their study with PEA technology. It highlighted the great need to perform high-throughput analyses in serum and tissues and other possible samples to discover PsA precursors. The future work on performing extensive integrative analysis will be undoubtedly challenging. Still, the increasing recognition of human proteome and consistent progression on proteomics technologies will become the most supportive foundation for challenging tasks.



AUTHOR CONTRIBUTIONS

YH: did the project administration, conceptualization, and methodology. FQ and YT: did the investigation and formal analysis. FQ, YT, AY, and XY: offered the resources. FQ wrote the original draft. YT: reviewed and edited the draft. YH: visualized the whole project and supervised the whole project. All authors contributed to the article and approved the submitted version.



FUNDING

This project was funded by Beijing Municipal Science and Technology Project (Project) No. Z171100001017058 and National Natural Science Foundation of China No. 81773314.



REFERENCES

 1. Armstrong AW, Read C. Pathophysiology, clinical presentation, and treatment of psoriasis: a review. JAMA. (2020) 323:1945–60. doi: 10.1001/jama.2020.4006

 2. Jadon DR, Stober C, Pennington SR, Fitzgerald O. Applying precision medicine to unmet clinical needs in psoriatic disease. Nat Rev Rheumatol. (2020) 16:609–27. doi: 10.1038/s41584-020-00507-9

 3. Belasco J, Louie JS, Gulati N, Wei N, Nograles K, Fuentes-Duculan J, et al. Comparative genomic profiling of synovium versus skin lesions in psoriatic arthritis. Arthritis Rheumatol. (2015) 67:934–44. doi: 10.1002/art.38995

 4. Pollock RA, Abji F, Liang K, Chandran V, Pellett FJ, Virtanen C, et al. Gene expression differences between psoriasis patients with and without inflammatory arthritis. J Invest Dermatol. (2015) 135:620–3. doi: 10.1038/jid.2014.414

 5. Stuart PE, Nair RP, Tsoi LC, Tejasvi T, Das S, Kang HM, et al. Genome-wide association analysis of psoriatic arthritis and cutaneous psoriasis reveals differences in their genetic architecture. Am J Hum Genet. (2015) 97:816–36. doi: 10.1016/j.ajhg.2015.10.019

 6. Sakkas LI, Bogdanos DP. Are psoriasis and psoriatic arthritis the same disease? The IL-23/IL-17 axis data. Autoimmun Rev. (2017) 16:10–5. doi: 10.1016/j.autrev.2016.09.015

 7. Veale DJ, Fearon U. The pathogenesis of psoriatic arthritis. Lancet. (2018) 391:2273–84. doi: 10.1016/S0140-6736(18)30830-4

 8. Leijten E, Tao W, Pouw J, Van Kempen T, Olde Nordkamp M, Balak D, et al. Broad proteomic screen reveals shared serum proteomic signature in patients with psoriatic arthritis and psoriasis without arthritis. Rheumatology. (2021) 60:751–61. doi: 10.1093/rheumatology/keaa405

 9. Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. N Engl J Med. (2017) 376:957–70. doi: 10.1056/NEJMra1505557

 10. Kavanaugh A, Gottlieb A, Morita A, Merola JF, Lin CY, Birt J, et al. The contribution of joint and skin improvements to the health-related quality of life of patients with psoriatic arthritis: a post hoc analysis of two randomised controlled studies. Ann Rheum Dis. (2019) 78:1215–9. doi: 10.1136/annrheumdis-2018-215003

 11. Gladman DD, Antoni C, Mease P, Clegg DO, Nash P. Psoriatic arthritis: epidemiology, clinical features, course, and outcome. Ann Rheum Dis. (2005) 64(Suppl. 2):ii14–7. doi: 10.1136/ard.2004.032482

 12. Alinaghi F, Calov M, Kristensen LE, Gladman DD, Coates LC, Jullien D, et al. Prevalence of psoriatic arthritis in patients with psoriasis: a systematic review and meta-analysis of observational and clinical studies. J Am Acad Dermatol. (2019) 80:251–65 e219. doi: 10.1016/j.jaad.2018.06.027

 13. Christophers E, Barker JN, Griffiths CE, Dauden E, Milligan G, Molta C, et al. The risk of psoriatic arthritis remains constant following initial diagnosis of psoriasis among patients seen in European dermatology clinics. J Eur Acad Dermatol Venereol. (2010) 24:548–54. doi: 10.1111/j.1468-3083.2009.03463.x

 14. Ogdie A, Weiss P. The epidemiology of psoriatic arthritis. Rheum Dis Clin North Am. (2015) 41:545–68. doi: 10.1016/j.rdc.2015.07.001

 15. Kampylafka E, Simon D, D'oliveira I, Linz C, Lerchen V, Englbrecht M, et al. Disease interception with interleukin-17 inhibition in high-risk psoriasis patients with subclinical joint inflammation-data from the prospective IVEPSA study. Arthritis Res Ther. (2019) 21:178. doi: 10.1186/s13075-019-1957-0

 16. Zabotti A, Tinazzi I, Aydin SZ, Mcgonagle D. From psoriasis to psoriatic arthritis: insights from imaging on the transition to psoriatic arthritis and implications for arthritis prevention. Curr Rheumatol Rep. (2020) 22:24. doi: 10.1007/s11926-020-00891-x

 17. Haroon M, Gallagher P, Fitzgerald O. Diagnostic delay of more than 6 months contributes to poor radiographic and functional outcome in psoriatic arthritis. Ann Rheum Dis. (2015) 74:1045–50. doi: 10.1136/annrheumdis-2013-204858

 18. Wilson FC, Icen M, Crowson CS, Mcevoy MT, Gabriel SE, Kremers HM. Incidence and clinical predictors of psoriatic arthritis in patients with psoriasis: a population-based study. Arthritis Rheum. (2009) 61:233–9. doi: 10.1002/art.24172

 19. Choi JW, Kim BR, Seo E, Youn SW. Could psoriatic arthritis be easily diagnosed from current suspicious physical findings in the dermatology clinic? Ann Dermatol. (2017) 29:48–54. doi: 10.5021/ad.2017.29.1.48

 20. Yan D, Ahn R, Leslie S, Liao W. Clinical and genetic risk factors associated with psoriatic arthritis among patients with psoriasis. Dermatol Ther. (2018) 8:593–604. doi: 10.1007/s13555-018-0266-x

 21. Eder L, Polachek A, Rosen CF, Chandran V, Cook R, Gladman DD. The development of psoriatic arthritis in patients with psoriasis is preceded by a period of nonspecific musculoskeletal symptoms: a prospective cohort study. Arthritis Rheumatol. (2017) 69:622–9. doi: 10.1002/art.39973

 22. Zabotti A, Mcgonagle DG, Giovannini I, Errichetti E, Zuliani F, Zanetti A, et al. Transition phase towards psoriatic arthritis: clinical and ultrasonographic characterisation of psoriatic arthralgia. RMD Open. (2019) 5:e001067. doi: 10.1136/rmdopen-2019-001067

 23. Helliwell PS, Taylor WJ. Classification and diagnostic criteria for psoriatic arthritis. Ann Rheum Dis. (2005) (64 Suppl. 2):ii3–8. doi: 10.1136/ard.2004.032318

 24. Simon D, Faustini F, Kleyer A, Haschka J, Englbrecht M, Kraus S, et al. Analysis of periarticular bone changes in patients with cutaneous psoriasis without associated psoriatic arthritis. Ann Rheum Dis. (2016) 75:660–6. doi: 10.1136/annrheumdis-2014-206347

 25. Qi F, Yao A, He Y. Medical imaging examination in psoriasis and early psoriatic arthritis patients: an updated systematic review and meta-analysis. Int J Dermatol. (2021) 60:1354–62. doi: 10.1111/ijd.15384

 26. Chandran V. Pathway to biomarker discovery in psoriatic arthritis. Expert Rev Clin Immunol. (2020) 16:471–8. doi: 10.1080/1744666X.2020.1752667

 27. Taguchi A, Hanash SM. Unleashing the power of proteomics to develop blood-based cancer markers. Clin Chem. (2013) 59:119–26. doi: 10.1373/clinchem.2012.184572

 28. Horgan RP, Kenny LC. ‘Omic' technologies: genomics, transcriptomics, proteomics and metabolomics. Obstetrician Gynaecol. (2011) 13:189–95. doi: 10.1576/toag.13.3.189.27672 

 29. Olivier M, Asmis R, Hawkins GA, Howard TD, Cox LA. The need for multi-omics biomarker signatures in precision medicine. Int J Mol Sci. (2019) 20. doi: 10.3390/ijms20194781

 30. Cheung P, Khatri P, Utz PJ, Kuo AJ. Single-cell technologies – studying rheumatic diseases one cell at a time. Nat Rev Rheumatol. (2019) 15:340–54. doi: 10.1038/s41584-019-0220-z

 31. Chandramouli K, Qian PY. Proteomics: challenges, techniques and possibilities to overcome biological sample complexity. Hum Genomics Proteomics. (2009) 2009:239204. doi: 10.4061/2009/239204

 32. Whiteaker JR, Halusa GN, Hoofnagle AN, Sharma V, Maclean B, Yan P, et al. CPTAC Assay Portal: a repository of targeted proteomic assays. Nat Methods. (2014) 11:703–4. doi: 10.1038/nmeth.3002

 33. Mann M. Origins of mass spectrometry-based proteomics. Nat Rev Mol Cell Biol. (2016) 17:678. doi: 10.1038/nrm.2016.135

 34. Smith JG, Gerszten RE. Emerging affinity-based proteomic technologies for large-scale plasma profiling in cardiovascular disease. Circulation. (2017) 135:1651–64. doi: 10.1161/CIRCULATIONAHA.116.025446

 35. Mcardle A, Pennington S, Fitzgerald O. Clinical features of psoriatic arthritis: a comprehensive review of unmet clinical needs. Clin Rev Allergy Immunol. (2018) 55:271–94. doi: 10.1007/s12016-017-8630-7

 36. Gstaiger M, Aebersold R. Applying mass spectrometry-based proteomics to genetics, genomics and network biology. Nat Rev Genet. (2009) 10:617–27. doi: 10.1038/nrg2633

 37. Cox J, Mann M. Quantitative, high-resolution proteomics for data-driven systems biology. Annu Rev Biochem. (2011) 80:273–99. doi: 10.1146/annurev-biochem-061308-093216

 38. Kim MS, Pinto SM, Getnet D, Nirujogi RS, Manda SS, Chaerkady R, et al. A draft map of the human proteome. Nature. (2014) 509:575–81. doi: 10.1038/nature13302

 39. Bock C, Farlik M, Sheffield NC. Multi-omics of single cells: strategies and applications. Trends Biotechnol. (2016) 34:605–8. doi: 10.1016/j.tibtech.2016.04.004

 40. Yates JR 3rd. Innovation: structural proteomics goes global. J Proteome Res. (2018) 17:3613. doi: 10.1021/acs.jproteome.8b00698

 41. Marx V. A dream of single-cell proteomics. Nat Methods. (2019) 16:809–12. doi: 10.1038/s41592-019-0540-6

 42. Butt AQ, Mcardle A, Gibson DS, Fitzgerald O, Pennington SR. Psoriatic arthritis under a proteomic spotlight: application of novel technologies to advance diagnosis and management. Curr Rheumatol Rep. (2015) 17:35. doi: 10.1007/s11926-015-0509-0

 43. Marx H, Hahne H, Ulbrich SE, Schnieke A, Rottmann O, Frishman D, et al. Annotation of the domestic pig genome by quantitative proteogenomics. J Proteome Res. (2017) 16:2887–98. doi: 10.1021/acs.jproteome.7b00184

 44. Ruggles KV, Krug K, Wang X, Clauser KR, Wang J, Payne SH, et al. Methods, tools and current perspectives in proteogenomics. Mol Cell Proteomics. (2017) 16:959–81. doi: 10.1074/mcp.MR117.000024

 45. Zhu Y, Orre LM, Johansson HJ, Huss M, Boekel J, Vesterlund M, et al. Discovery of coding regions in the human genome by integrated proteogenomics analysis workflow. Nat Commun. (2018) 9:903. doi: 10.1038/s41467-018-03311-y

 46. Ang MY, Low TY, Lee PY, Wan Mohamad Nazarie WF, Guryev V, Jamal R. Proteogenomics: from next-generation sequencing (NGS) and mass spectrometry-based proteomics to precision medicine. Clin Chim Acta. (2019) 498:38–46. doi: 10.1016/j.cca.2019.08.010

 47. Jagtap P, Goslinga J, Kooren JA, Mcgowan T, Wroblewski MS, Seymour SL, et al. A two-step database search method improves sensitivity in peptide sequence matches for metaproteomics and proteogenomics studies. Proteomics. (2013) 13:1352–7. doi: 10.1002/pmic.201200352

 48. Alfaro JA, Sinha A, Kislinger T, Boutros PC. Onco-proteogenomics: cancer proteomics joins forces with genomics. Nat Methods. (2014) 11:1107–13. doi: 10.1038/nmeth.3138

 49. Rivers RC, Kinsinger C, Boja ES, Hiltke T, Mesri M, Rodriguez H. Linking cancer genome to proteome: NCI's investment into proteogenomics. Proteomics. (2014) 14:2633–6. doi: 10.1002/pmic.201400193

 50. Zhang B, Wang J, Wang X, Zhu J, Liu Q, Shi Z, et al. Proteogenomic characterization of human colon and rectal cancer. Nature. (2014) 513:382–7. doi: 10.1038/nature13438

 51. Li H, Joh YS, Kim H, Paek E, Lee SW, Hwang KB. Evaluating the effect of database inflation in proteogenomic search on sensitive and reliable peptide identification. BMC Genomics. (2016) 17:1031. doi: 10.1186/s12864-016-3327-5

 52. Mertins P, Mani DR, Ruggles KV, Gillette MA, Clauser KR, Wang P, et al. Proteogenomics connects somatic mutations to signalling in breast cancer. Nature. (2016) 534:55–62. doi: 10.1038/nature18003

 53. Park GW, Hwang H, Kim KH, Lee JY, Lee HK, Park JY, et al. Integrated proteomic pipeline using multiple search engines for a proteogenomic study with a controlled protein false discovery rate. J Proteome Res. (2016) 15:4082–90. doi: 10.1021/acs.jproteome.6b00376

 54. Assarsson E, Lundberg M, Holmquist G, Bjorkesten J, Thorsen SB, Ekman D, et al. Homogenous 96-plex PEA immunoassay exhibiting high sensitivity, specificity, and excellent scalability. PLoS ONE. (2014) 9:e95192. doi: 10.1371/journal.pone.0095192

 55. Petrera A, Von Toerne C, Behler J, Huth C, Thorand B, Hilgendorff A, et al. Multiplatform approach for plasma proteomics: complementarity of olink proximity extension assay technology to mass spectrometry-based protein profiling. J Proteome Res. (2021) 20:751–62. doi: 10.1021/acs.jproteome.0c00641

 56. Lundberg M, Eriksson A, Tran B, Assarsson E, Fredriksson S. Homogeneous antibody-based proximity extension assays provide sensitive and specific detection of low-abundant proteins in human blood. Nucl Acids Res. (2011) 39:e102. doi: 10.1093/nar/gkr424

 57. Csosz E, Toth N, Deak E, Csutak A, Tozser J. Wound-healing markers revealed by proximity extension assay in tears of patients following glaucoma surgery. Int J Mol Sci. (2018) 19. doi: 10.3390/ijms19124096

 58. Sjoqvist S, Otake K, Hirozane Y. Analysis of cerebrospinal fluid extracellular vesicles by proximity extension assay: a comparative study of four isolation kits. Int J Mol Sci. (2020) 21. doi: 10.3390/ijms21249425

 59. Tighe PJ, Ryder RR, Todd I, Fairclough LC. ELISA in the multiplex era: potentials and pitfalls. Proteomics Clin Appl. (2015) 9:406–22. doi: 10.1002/prca.201400130

 60. Mikacic I, Beluzic R, Vugrek O, Plavljanic D. A Proximity Extension Assay (PEA)-based method for quantification of bevacizumab. J Pharmacol Toxicol Methods. (2018) 92:20–3. doi: 10.1016/j.vascn.2018.02.008

 61. Jabbari E, Woodside J, Guo T, Magdalinou NK, Chelban V, Athauda D, et al. Proximity extension assay testing reveals novel diagnostic biomarkers of atypical parkinsonian syndromes. J Neurol Neurosurg Psychiatry. (2019) 90:768–73. doi: 10.1136/jnnp-2018-320151

 62. Scher JU, Ogdie A, Merola JF, Ritchlin C. Preventing psoriatic arthritis: focusing on patients with psoriasis at increased risk of transition. Nat Rev Rheumatol. (2019) 15:153–66. doi: 10.1038/s41584-019-0175-0

 63. Lee PY, Osman J, Low TY, Jamal R. Plasma/serum proteomics: depletion strategies for reducing high-abundance proteins for biomarker discovery. Bioanalysis. (2019) 11:1799–812. doi: 10.4155/bio-2019-0145

 64. Mahendran SM, Chandran V. Exploring the psoriatic arthritis proteome in search of novel biomarkers. Proteomes. (2018) 6. doi: 10.3390/proteomes6010005

 65. He H, Del Duca E, Diaz A, Kim HJ, Gay-Mimbrera J, Zhang N, et al. Mild atopic dermatitis lacks systemic inflammation and shows reduced nonlesional skin abnormalities. J Allergy Clin Immunol. (2020) 147:1369–80. doi: 10.1016/j.jaci.2020.08.041

 66. He H, Li R, Choi S, Zhou L, Pavel A, Estrada YD, et al. Increased cardiovascular and atherosclerosis markers in blood of older patients with atopic dermatitis. Ann Allergy Asthma Immunol. (2020) 124:70–8. doi: 10.1016/j.anai.2019.10.013

 67. Baldwin ME, Halford MM, Roufail S, Williams RA, Hibbs ML, Grail D, et al. Vascular endothelial growth factor D is dispensable for development of the lymphatic system. Mol Cell Biol. (2005) 25:2441–9. doi: 10.1128/MCB.25.6.2441-2449.2005

 68. Krohn S, Garin A, Gabay C, Proudfoot AE. The activity of CCL18 is principally mediated through interaction with glycosaminoglycans. Front Immunol. (2013) 4:193. doi: 10.3389/fimmu.2013.00193

 69. Rohrborn D, Wronkowitz N, Eckel J. DPP4 in diabetes. Front Immunol. (2015) 6:386. doi: 10.3389/fimmu.2015.00386

 70. Balogh E, Biniecka M, Fearon U, Veale DJ, Szekanecz Z. Angiogenesis in inflammatory arthritis. Isr Med Assoc J. (2019) 21:345–52. 

 71. Muller N. The role of intercellular adhesion molecule-1 in the pathogenesis of psychiatric disorders. Front Pharmacol. (2019) 10:1251. doi: 10.3389/fphar.2019.01251

 72. Penkava F, Velasco-Herrera MDC, Young MD, Yager N, Nwosu LN, Pratt AG, et al. Single-cell sequencing reveals clonal expansions of pro-inflammatory synovial CD8 T cells expressing tissue-homing receptors in psoriatic arthritis. Nat Commun. (2020) 11:4767. doi: 10.1038/s41467-020-18513-6

 73. Cretu D, Diamandis EP, Chandran V. Delineating the synovial fluid proteome: recent advancements and ongoing challenges in biomarker research. Crit Rev Clin Lab Sci. (2013) 50:51–63. doi: 10.3109/10408363.2013.802408

 74. Orr C, Vieira-Sousa E, Boyle DL, Buch MH, Buckley CD, Canete JD, et al. Synovial tissue research: a state-of-the-art review. Nat Rev Rheumatol. (2017) 13:463–75. doi: 10.1038/nrrheum.2017.115

 75. Choi IY, Gerlag DM, Holzinger D, Roth J, Tak PP. From synovial tissue to peripheral blood: myeloid related protein 8/14 is a sensitive biomarker for effective treatment in early drug development in patients with rheumatoid arthritis. PLoS ONE. (2014) 9:e106253. doi: 10.1371/journal.pone.0106253

 76. Levick JR. Permeability of rheumatoid and normal human synovium to specific plasma proteins. Arthritis Rheum. (1981) 24:1550–60. doi: 10.1002/art.1780241215

 77. Hui AY, Mccarty WJ, Masuda K, Firestein GS, Sah RL. A systems biology approach to synovial joint lubrication in health, injury, and disease. Wiley Interdiscip Rev Syst Biol Med. (2012) 4:15–37. doi: 10.1002/wsbm.157

 78. Cretu D, Prassas I, Saraon P, Batruch I, Gandhi R, Diamandis EP, et al. Identification of psoriatic arthritis mediators in synovial fluid by quantitative mass spectrometry. Clin Proteomics. (2014) 11:27. doi: 10.1186/1559-0275-11-27

 79. Mahendran SM, Keystone EC, Krawetz RJ, Liang K, Diamandis EP, Chandran V. Elucidating the endogenous synovial fluid proteome and peptidome of inflammatory arthritis using label-free mass spectrometry. Clin Proteomics. (2019) 16:23. doi: 10.1186/s12014-019-9243-3

 80. Bresnihan B, Tak PP, Emery P, Klareskog L, Breedveld F. Synovial biopsy in arthritis research: five years of concerted European collaboration. Ann Rheum Dis. (2000) 59:506–11. doi: 10.1136/ard.59.7.506

 81. Van Kuijk AW, Tak PP. Synovitis in psoriatic arthritis: immunohistochemistry, comparisons with rheumatoid arthritis, and effects of therapy. Curr Rheumatol Rep. (2011) 13:353–9. doi: 10.1007/s11926-011-0181-y

 82. Ogdie A, Coates LC, Gladman DD. Treatment guidelines in psoriatic arthritis. Rheumatology. (2020) 59:i37–46. doi: 10.1093/rheumatology/kez383

 83. Fitzgerald O, Winchester R. Editorial: emerging evidence for critical involvement of the interleukin-17 pathway in both psoriasis and psoriatic arthritis. Arthritis Rheumatol. (2014) 66:1077–80. doi: 10.1002/art.38370

 84. Leonardi C, Matheson R, Zachariae C, Cameron G, Li L, Edson-Heredia E, et al. Anti-interleukin-17 monoclonal antibody ixekizumab in chronic plaque psoriasis. N Engl J Med. (2012) 366:1190–9. doi: 10.1056/NEJMoa1109997

 85. Taams LS, Steel KJA, Srenathan U, Burns LA, Kirkham BW. IL-17 in the immunopathogenesis of spondyloarthritis. Nat Rev Rheumatol. (2018) 14:453–66. doi: 10.1038/s41584-018-0044-2

 86. Cretu D, Liang K, Saraon P, Batruch I, Diamandis EP, Chandran V. Quantitative tandem mass-spectrometry of skin tissue reveals putative psoriatic arthritis biomarkers. Clin Proteomics. (2015) 12:1. doi: 10.1186/1559-0275-12-1

 87. Wiese S, Reidegeld KA, Meyer HE, Warscheid B. Protein labeling by iTRAQ: a new tool for quantitative mass spectrometry in proteome research. Proteomics. (2007) 7:340–50. doi: 10.1002/pmic.200600422

 88. Zhou Y, Wang P, Yan BX, Chen XY, Landeck L, Wang ZY, et al. Quantitative proteomic profile of psoriatic epidermis identifies oas2 as a novel Biomarker for Disease Activity. Front Immunol. (2020) 11:1432. doi: 10.3389/fimmu.2020.01432

 89. Rouzaud M, Sevrain M, Villani AP, Barnetche T, Paul C, Richard MA, et al. Is there a psoriasis skin phenotype associated with psoriatic arthritis? Systematic literature review. J Eur Acad Dermatol Venereol. (2014) (28 Suppl. 5):17–26. doi: 10.1111/jdv.12562

 90. Eder L, Haddad A, Rosen CF, Lee KA, Chandran V, Cook R, et al. The incidence and risk factors for psoriatic arthritis in patients with psoriasis: a prospective cohort study. Arthritis Rheumatol. (2016) 68:915–23. doi: 10.1002/art.39494

 91. Farnebo S, Wiig M, Holm B, Ghafouri B. Differentially expressed proteins in intra synovial compared to extra synovial flexor tendon grafts in a rabbit tendon transplantation model. Biomedicines. (2020) 8. doi: 10.3390/biomedicines8100408

 92. Klein J, Bascands JL, Mischak H, Schanstra JP. The role of urinary peptidomics in kidney disease research. Kidney Int. (2016) 89:539–45. doi: 10.1016/j.kint.2015.10.010

 93. Aljaberi N, Bennett M, Brunner HI, Devarajan P. Proteomic profiling of urine: implications for lupus nephritis. Expert Rev Proteomics. (2019) 16:303–13. doi: 10.1080/14789450.2019.1592681

 94. Havanapan PO, Thongboonkerd V. Are protease inhibitors required for gel-based proteomics of kidney and urine? J Proteome Res. (2009) 8:3109–17. doi: 10.1021/pr900015q

 95. Thomas S, Hao L, Ricke WA, Li L. Biomarker discovery in mass spectrometry-based urinary proteomics. Proteomics Clin Appl. (2016) 10:358–70. doi: 10.1002/prca.201500102

 96. Santucci L, Bruschi M, Candiano G, Lugani F, Petretto A, Bonanni A, et al. Urine proteome biomarkers in kidney diseases. Limits I, perspectives, and first focus on normal urine. Biomark Insights. (2016) 11:41–8. doi: 10.4137/BMI.S26229

 97. Baetta R, Pontremoli M, Martinez Fernandez A, Spickett CM, Banfi C. Proteomics in cardiovascular diseases: unveiling sex and gender differences in the era of precision medicine. J Proteomics. (2018) 173:62–76. doi: 10.1016/j.jprot.2017.11.012

 98. Siebert S, Porter D, Paterson C, Hampson R, Gaya D, Latosinska A, et al. Urinary proteomics can define distinct diagnostic inflammatory arthritis subgroups. Sci Rep. (2017) 7:40473. doi: 10.1038/srep40473

 99. Latosinska A, Siwy J, Mischak H, Frantzi M. Peptidomics and proteomics based on CE-MS as a robust tool in clinical application: the past, the present, and the future. Electrophoresis. (2019) 40:2294–308. doi: 10.1002/elps.201900091

 100. Yeung H, Takeshita J, Mehta NN, Kimmel SE, Ogdie A, Margolis DJ, et al. Psoriasis severity and the prevalence of major medical comorbidity: a population-based study. JAMA Dermatol. (2013) 149:1173–9. doi: 10.1001/jamadermatol.2013.5015

 101. Tillett W, Charlton R, Nightingale A, Snowball J, Green A, Smith C, et al. Interval between onset of psoriasis and psoriatic arthritis comparing the UK Clinical Practice Research Datalink with a hospital-based cohort. Rheumatology. (2017) 56:2109–13. doi: 10.1093/rheumatology/kex323

 102. Artandi MK, Stewart RW. The outpatient physical examination. Med Clin North Am. (2018) 102:465–73. doi: 10.1016/j.mcna.2017.12.008

 103. Ciuffa R, Caron E, Leitner A, Uliana F, Gstaiger M, Aebersold R. Contribution of mass spectrometry-based proteomics to the understanding of TNF-alpha signaling. J Proteome Res. (2017) 16:14–33. doi: 10.1021/acs.jproteome.6b00728

 104. Sharma S, Gioia L, Abe B, Holt M, Costanzo A, Kain L, et al. Using single cell analysis for translational studies in immune mediated diseases: opportunities and challenges. Mol Immunol. (2018) 103:191–9. doi: 10.1016/j.molimm.2018.09.020

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Qi, Tan, Yao, Yang and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Psoriasis to Psoriatic Arthritis: The Application of Proteomics Technologies



		Introduction



		RECent Developments in Proteomics Technologies



		PROTEOmics in Potential Biomarker Discovery of PsA Transition



		Proteomics in Peripheral Blood



		Proteomics in Synovial Samples



		Proteomics in Skin Lesion Biopsy



		Proteomics in Urine







		Conclusion



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Psoriasis to Psoriatic Arthritis: The
Application of Proteomics
Technologies





OPS/images/fmed-08-681172-g001.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





