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Abstract

:

Lichen planus is a chronic inflammatory mucocutaneous disease that belongs to the group of papulosquamous skin diseases among diseases like psoriasis, a widely studied disease in dermatology. The aim of the study was to identify the changes between the blood sera of lichen planus patients and healthy controls to widen the knowledge about the metabolomic aspect of lichen planus and gain a better understanding about the pathophysiology of the disease. We used high-throughput nuclear magnetic resonance (NMR) spectroscopy to measure the levels of blood serum metabolites, lipoproteins and lipoprotein particles. Dyslipidemia has relatively recently been shown to be one of the comorbidities of lichen planus, but the changes in the components of lipoproteins have not been described yet. We found statistically significant changes in the concentrations of 16 markers regarding lipoproteins, which included the components of intermediate-density lipoproteins, low-density lipoproteins and large low-density lipoproteins. We propose that the detected changes may increase the risk for specific comorbidities (e.g., dyslipidemia) and resulting cardiovascular diseases, as the turnover and hepatic uptake of the altered/modified lipoprotein particles are disturbed.
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1. Introduction


Lichen planus (LP) is a chronic inflammatory mucocutaneous disease that belongs to the group of papulosquamous skin diseases together with psoriasis and pityriasis rubra pilaris among others [1]. In addition to skin and mucous membranes, hair and nails might be affected [2]. A distinctive feature of this disease is the presence of extremely pruritic flat polygonal violaceous papules with characteristic Wickham striae. The rash is typically located on the flexor surfaces on the wrists, shins and sacral area, but can also be disseminated and involve the whole body [3]. LP has a substantial negative impact on the quality of life of LP patients. The patients with genital, ungual and cutaneous LP are most severely affected, and LP patients have lower self-esteem [4,5]. Jalenques et al. have shown that the signs of depression and anxiety are highly prevalent in LP patients (27% and 28%, respectively) [6].



External factors (e.g., stress, trauma, infections) and genetics play an important role in the development and persistence of LP. There is a genetic predisposition, especially in patients with specific HLA haplotypes like HLA-Bw57, HLA-B27 and HLA-DR [7,8,9]. The pathophysiology of the disease involves the migration of CD8+ T-lymphocytes to the dermoepidermal junction and the induction of apoptosis in basal keratinocytes. The cytokines that take part in the development of the disease are interferon γ (IFN-γ), tumor necrosis factor α (TNF-α), interleukin 6 (IL-6) and IL-8. Additionally, an increase in local angiogenesis has been found [2,10,11].



The most common comorbidities of LP are hepatitis C virus infection (HCV) and thyroid disease [2,12]. Recently, metabolic syndrome (MS), type 2 diabetes (T2D) and dyslipidemia have also been reported to be associated with LP [13,14,15,16,17,18,19]. Additionally, LP patients have increased risk for cardiovascular diseases [20,21].



Metabolomic studies have been used to increase our understanding of various diseases, including inflammatory skin diseases like psoriasis and atopic dermatitis [22,23]. To our best knowledge, the data regarding the metabolomics of skin or blood serum of LP patients with skin involvement are lacking. However, there exist a handful of studies addressing the metabolomics of oral LP (OLP). In the case of erosive OLP, which is an oral potentially malignant disorder, the alterations in serum metabolite levels indicated the increased presence of oxidative stress, apoptosis, neutrophil dysfunction and inflammation [24,25]. In the mucosal biopsies of OLP, the altered ratio of linoleic acid-derived oxylipins indicated the activation of cyclooxygenase-2 (COX-2) and related cyclooxygenases, which were suggested to contribute to the symptomatology of LP, especially to the pain associated with the disease [26].



The alterations of low-density lipoprotein cholesterol (LDL-C) and other forms of lipoproteins have been described in LP patients’ blood (e.g., an increase in LDL-C and a decrease in high-density lipoprotein cholesterol (HDL-C)) [15], but information regarding the sizes of subfractions of blood lipoproteins has not been published yet. Consequently, information about lipoprotein subfractions in LP may have a value for widening the knowledge about the pathophysiology and cardiovascular risk of the disease. We hypothesize that the changes in blood serum lipoproteins and metabolites contribute to the manifestation of LP and its comorbidities.



In order to expand the knowledge about the metabolomic aspect and cardiovascular impact of LP and gain better understanding about the pathophysiology of this disease, we measured the blood serum lipoproteins and metabolites using high-throughput NMR spectroscopy. The usage of high-throughput NMR spectroscopy for measuring blood lipoproteins has good correlation with traditional/routine clinical chemical measurements of blood lipoproteins levels (personal communication from Nightingale Health OYJ, where the measurement was done) and additionally gives more detailed measurements of lipoprotein particle sizes. This allows us to clarify if the changes in the particles have a role in the development of the disease.




2. Materials and Methods


2.1. Volunteer Recruitment


Patients with cutaneous LP who had classic skin involvement were recruited from the Tartu University Hospital at the Clinic of Dermatology in 2021 (10 men, 22 women, 19–80 years old, median age 56.5 years). Healthy age- and sex-matched controls (HC) were recruited from the Tartu University Hospital at the Clinic of Dermatology (10 men, 22 women, 21–80 years old, median age 56 years). Diagnosed metabolic and cardiovascular comorbidities of the cohorts are presented in Table S1. The patients and the controls were Caucasians of Eastern European descent.




2.2. Blood Samples


Blood sera were collected before the first meal of the day using 5 mL Vacutainer (REF 367614) tubes that contained micronized silica particles to accelerate the clotting process. The collected blood samples were left to clot at room temperature for one hour, subsequently centrifuged at 1300× g for 20 min. The serum was pipetted into 300 μL aliquots and was stored at −80 °C until measurement.




2.3. Mass-Spectrometric Analysis


The serum samples were shipped on dry ice to Nightingale Health OYJ where they were measured using high-throughput NMR spectroscopy. The measurement enables the concurrent quantification of 248 metabolites and particles, which include various lipids, lipoproteins, fatty acids and multiple low-molecular-weight metabolites (e.g., amino acids, ketone bodies and glycolysis intermediates). The concentrations are quantified in molar units. More exact details about the measurement are explained in a review article [27].




2.4. Data Analysis


The data was analyzed using R version 4.1.3. [28]. The dataset was scaled and outliers that had SD > 4 from the mean metabolite and particle concentrations were removed. Wilcoxon–Mann–Whitney test was used to determine the metabolites and particles that differed significantly between LP and HC. The principal component analysis showed a total of 19 principal components (PCs) explaining >95% of variability in the data. The multiple-testing threshold was set according to p < 0.05/19 PCs; i.e., p < 0.0029.





3. Results


In our study, 16 markers regarding lipoproteins differed statistically significantly between the blood sera of LP patients and healthy controls (HC). We found an increase in the levels of components of intermediate-density lipoprotein (IDL), low-density lipoprotein (LDL) and large LDL (L-LDL) in the blood sera of LP patients when compared to the HC. It should be noted that lipoproteins of different classes are divided into subclasses depending on their size, thus similar components are present in IDL, LDL and L-LDL lipoproteins.



In IDL, the concentrations of phospholipids (PL), cholesteryl esters (CE), total cholesterol (TC) and free cholesterol (FC) were changed. The concentrations of total lipids, TC, FC, CE and PL were elevated in L-LDL and FC, TC and total lipids in LDL. Additionally, clinical value of LDL cholesterol (calculated as LDL-C + IDL-C + cholesterol in very small very-low-density lipoproteins × 0.15) and the levels of TC, total FC and total CE were also increased in LP patients (Table 1, Figure 1 and Figures S1–S3).



Additionally, smaller changes in the composition of high-density lipoproteins (HDL) and VLDL as well as in the concentration of non-HDL cholesterol, sphingomyelins, linoleic acid (LA), polyunsaturated fatty acids (PUFA), omega-6 fatty acids and amino acid leucine (Leu) were also detected; however, the changes were not statistically significant (Table S2).



In addition, we analysed ratios that relate to cardiovascular diseases and T2D, which are known comorbidities of LP. However, the ratios of HDL-C to ApoA1, LDL-C to HDL-C, total triglycerides (TG) to HDL-C, total FC to HDL-C, non-HDL-C to HDL-C and LDL-C to apolipoprotein B (ApoB) were not altered in LP patients when compared to the HC.



We also studied other metabolites like glycolysis related metabolites, ketone bodies and other apolipoproteins and amino acids, but found no changes between the levels in LP and HC patients.




4. Discussion


Significant association between lichen planus (LP) and metabolic syndrome (MS) has recently been established, especially in the severe form of LP [15,29]. MS, as well as one of its components—dyslipidemia—have both been previously shown to be comorbidities of LP, and vice versa, chronic inflammatory skin diseases increase the risk for MS and dyslipidemia. Dyslipidemias are a group of metabolic derangements characterized by various deviations in lipid levels (e.g., increased LDL-C, cholesterol and TG levels and decreased HDL-C levels) [5,30,31]. In the present study, we found increased levels of cholesterol (C), cholesteryl esters (CE), free cholesterol (FC), total lipids (L) and phospholipids (PL) in L-LDL, LDL and IDL particles in the blood sera of LP patients. In our study group, the prevalence of previously laboratory-confirmed dyslipidemia occurred less frequently (Table S1) than we would have expected based on the results of analysing the data and previously published studies, which means LP patients should routinely be screened for dyslipidemia.



The classical structure of lipoproteins is well-known. Lipoproteins are divided into subclasses based on the density and composition. All lipoproteins as particles consist mainly of apoproteins, TG-s, phospholipids, CE-s and FC-s. The size and density of lipoprotein subclasses depend on the amounts of abovementioned components. The particle subclasses can be divided into several subfractions (e.g., large, small) mainly based on different ratios, but also different amounts of previously mentioned components. The central apoprotein in VLDL and LDL is ApoB-100, and ApoA in HDL [32,33]. Apolipoproteins serve as ligands for lipoprotein receptors and cofactors for enzymes in lipid metabolism; they maintain the structure of the lipoprotein particles and guide the formation of lipoproteins, but they also have more specific functions (e.g., ApoA-I and endogenous ApoE prevent inflammation and oxidative stress) [33,34].



There exist data regarding the changes in lipid and lipoprotein levels in the blood of the patients with LP, but the specific alterations in the structure of lipoproteins were not known. To our knowledge, we demonstrated for the first time that there exist alterations in the composition of lipoproteins isolated from the blood sera of LP patients. It has previously been found that the patients with LP have increased concentrations of total cholesterol (TC), LDL-C and TG and decreased levels of HDL-C. In addition, LP patients have also higher TC/HDL-C and LDL-C/HDL-C ratios, concomitantly an increase in C-reactive protein (CRP) as well as malondialdehyde levels and decrease in catalase activity were detected, which pointed to the increase in inflammation processes and presence of oxidative stress [15]. There was also a significant decrease in HDL-C (p = 0.003) and increase in Castelli’s atherogenic index (total cholesterol/HDL cholesterol; p = 0.005) in OLP patients [35].



As IDL, L-LDL and LDL are all connected to lipid transport and are pro-atherogenic (which also depends on the size of the particles, e.g., smaller and denser particles are more easily able to penetrate into subendothelial space), changes in their composition may alter the appearance and course of comorbidities. Grammer et al. showed the increased risk for all-cause mortality, including cardiovascular, in patients with higher L-LDL and small-LDL (S-LDL) levels compared to intermediate-size LDL levels. Additionally, in patients with elevated L-LDL levels, they also found increased IL-6 and CRP levels [36]. As mentioned above, both of them are also found to be elevated in LP patients [11,15,18].



Lipoproteins are physiologically heterogenic and their structure is altered in pathologic conditions. In our study, the changes in the structure of LDL, L-LDL and IDL were statistically significant between LP patients and HC. The composition of LDL particles also affects the development of atherosclerotic cardiovascular disease. Ruuth et al. showed that more sphingolipids and less phosphatidylcholines in LDL particles increase the aggregation of LDL, which was associated with future cardiovascular death [37]. We hypothesize that the changes detected in this work act in concert to affect the function of lipoproteins, which in turn increases the risk for cardiovascular events.



We found small, however, statistically insignificant changes in the composition of HDL. Quantitative and qualitative molecular changes of HDL have been described in diseases like diabetes mellitus, coronary artery disease, chronic kidney disease and rheumatic diseases [38,39]. Normally, HDL protects against cardiovascular disease as it removes excess cholesterol from macrophages; has antioxidative, anti-thrombotic, anti-apoptotic and anti-inflammatory properties; modulates endothelial function and stimulates the movement of endothelial cells. In type 1 diabetes (T1D), HDL levels may be normal, but the risk for cardiovascular events has risen, nevertheless. It has been suggested that changes in functional properties of HDL may contribute to the loss of its protective properties [33,40,41].



Gardner et al. have characterized the changes in composition in HDL in patients with T2D and coronary heart disease (CHD) and the changes in its function [38,42]. In T2D patients, they found an increase in TG-rich particles and a decrease in large and very large particles. In both T2D patients and CHD patients, the concentrations in lipid species were altered when compared to the healthy controls; in T2D, the levels of 71 lipid species were decreased and 14 were increased compared to the controls, and in CHD patients, the concentrations of 5 lipid species were decreased and 4 increased. Functionally, HDL in T2D patients was described as having lower anti-apoptotic activity against human aortic endothelial cells [42]. Although the changes in the composition of HDL were not statistically significant in our study, the abovementioned findings indicate that changes in the composition of lipoprotein particles lead to alterations in their function.



In conclusion, we found that the composition of lipoproteins was altered in the blood serum of patients with LP. The composition of lipoproteins has been shown to alter their function, and we propose that the detected changes may increase the risk of LP patients for specific comorbidities like dyslipidemia, MS and T2D, and vice versa. As the turnover and hepatic uptake of the altered/modified LDL and IDL particles is disturbed, resulting increased cardiovascular risk can be considered. Further studies to clarify the relationship between the composition and function of lipoproteins are needed in order to unravel their role in the development of LP and its comorbidities. However, the results of the present study support the need for screening for dyslipidemia in patients with LP.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/metabo13010091/s1, Table S1: Diagnosed metabolic and cardiovascular comorbidities of LP patients and HC; Table S2: Metabolite and lipoprotein particle concentrations that did not differ statistically significantly between blood serum samples obtained from patients suffering from LP, and HC, but had a trend toward alterations (p < 0.05); Figure S1: Boxplots of the metabolites and lipoprotein particles that had statistically significant differences between the blood samples of LP patients and HC; Figure S2: Boxplots of the metabolites and lipoprotein particles that had statistically significant differences between the blood samples of LP patients and HC; Figure S3: Boxplots of the metabolites and lipoprotein particles that had statistically significant differences between the blood samples of LP patients and HC.





Author Contributions


Conceptualization, K.K. and L.I.; methodology, K.K. and A.O.; software, A.O.; validation, L.R. and A.O.; formal analysis, A.O.; investigation, L.R. and L.I.; resources, K.K., V.J., M.Z. and A.O.; data curation, A.O.; writing—original draft preparation, L.I.; writing—review and editing, K.K., V.J., A.O. and M.Z; visualization, A.O.; supervision, K.K.; project administration, K.K. and T.T.; funding acquisition, K.K., V.J., M.Z. and A.O. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by the Estonian Research Council grant PRG1189 (Külli Kingo), Estonian Research Council grant IUT20-42, SP1GVARENG from the University of Tartu, personal research grants PUT1465 (Külli Kingo), PUTJD914 (Aigar Ottas) and PRG057 (Viljar Jaks) from Estonian Research Agency as well as the European Union through the European Regional Development Fund (Project No. 2014-2020.4.01.15-0012).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of the University of Tartu (protocol code 351/M-12, 19 April 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data generated or analyzed during this study are included in this published article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Fox, B.J.; Odom, R.B. Papulosquamous Diseases: A Review. J. Am. Acad. Dermatol. 1985, 12, 597–624. [Google Scholar] [CrossRef] [PubMed]

	



Le Cleach, L.; Chosidow, O. Clinical Practice. Lichen Planus. N. Engl. J. Med. 2012, 366, 723–732. [Google Scholar] [CrossRef] [PubMed]

	



Bolognia, J.; Schaffer, J.; Cerroni, L. Dermatology, 4th ed.; Elsevier: Amsterdam, The Netherlands, 2018; pp. 188–199. [Google Scholar]

	



Fiocco, Z.; Kupf, S.; Patzak, L.; Kämmerer, T.; Pumnea, T.; French, L.E.; Reinholz, M. Quality of Life and Psychopathology in Lichen Planus: A Neglected Disease Burden. Acta Derm. Venereol. 2021, 101, adv00619. [Google Scholar] [CrossRef]

	



Alirezaei, P.; Ahmadpanah, M.; Rezanejad, A.; Soltanian, A.; Bahmani, D.S.; Brand, S. Compared to Controls, Individuals with Lichen Planopilaris Have More Depression, a Lower Self-Esteem, and a Lower Quality of Life. S. Neuropsychobiology 2019, 78, 95–103. [Google Scholar] [CrossRef] [PubMed]

	



Jalenques, I.; Lauron, S.; Almon, S.; Pereira, B.; D’Incan, M.; Rondepierre, F. Prevalence and Odds of Signs of Depression and Anxiety in Patients with Lichen Planus: Systematic Review and Meta-Analyses. Acta Derm. Venereol. 2020, 100, adv00330. [Google Scholar] [CrossRef]

	



Boch, K.; Langan, E.A.; Kridin, K.; Zillikens, D.; Ludwig, R.J.; Bieber, K. Lichen Planus. Front. Med. 2021, 8, 737813. [Google Scholar] [CrossRef]

	



Porter, K.; Klouda, P.; Scully, C.; Bidwell, J.; Porter, S. Class I and II HLA Antigens in British Patients with Oral Lichen Planus. Oral Surg. Oral Med. Oral Pathol. 1993, 75, 176–180. [Google Scholar] [CrossRef]

	



Carrozzo, M.; Di Celle, P.F.; Gandolfo, S.; Carbone, M.; Conrotto, D.; Fasano, M.E.; Roggero, S.; Rendine, S.; Ghisetti, V. Increased frequency of HLA-DR6 allele in Italian patients with hepatitis C virus-associated oral lichen planus. Br. J. Dermatol. 2001, 144, 803–808. [Google Scholar] [CrossRef]

	



Hussein, M.R. Evaluation of Angiogenesis in Normal and Lichen Planus Skin by CD34 Protein Immunohistochemistry: Preliminary Findings. Cell Biol. Int. 2007, 31, 1292–1295. [Google Scholar] [CrossRef]

	



Lehman, J.S.; Tollefson, M.M.; Gibson, L.E. Lichen Planus. Int. J. Dermatol. 2009, 48, 682–694. [Google Scholar] [CrossRef]

	



Garcia-Pola, M.J.; Llorente-Pendás, S.; Seoane-Romero, J.M.; Berasaluce, M.J.; García-Martín, J.M. Thyroid Disease and Oral Lichen Planus as Comorbidity: A Prospective Case-Control Study. Dermatology 2016, 232, 214–219. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, S.A.; Raju, P.V.K.; Gopal, K.V.T.; Rao, T.N. Comorbidities in Lichen Planus: A Case-Control Study in Indian Patients. Indian Dermatol. Online J. 2019, 10, 34–37. [Google Scholar] [CrossRef] [PubMed]

	



Sun, Y.; Chen, D.; Deng, X.; Xu, Y.; Wang, Y.; Qiu, X.; Yuan, P.; Zhang, Z.; Xu, H.; Jiang, L. Prevalence of Oral Lichen Planus in Patients with Diabetes Mellitus: A Cross-Sectional Study. Oral Dis. 2022; Early View. [Google Scholar] [CrossRef]

	



Panchal, F.H.; Ray, S.; Munshi, R.P.; Bhalerao, S.S.; Nayak, C.S. Alterations in Lipid Metabolism and Antioxidant Status in Lichen Planus. Indian J. Dermatol. 2015, 60, 439–455. [Google Scholar] [CrossRef]

	



Daye, M.; Işık, B.; Temiz, S.A.; Durduran, Y. Relationship between Acanthosis Nigricans, Acrochordon and Metabolic Syndrome in Patients with Lichen Planus. Int. J. Clin. Pract. 2021, 75, e14687. [Google Scholar] [CrossRef] [PubMed]

	



Singla, R.; Ashwini, P.K.; Jayadev, B. Lichen Planus and Metabolic Syndrome: Is There a Relation? Indian Dermatol. Online J. 2019, 10, 555–559. [Google Scholar] [CrossRef]

	



Arias-Santiago, S.; Buendia-Eisman, A.; Aneiros-Fernandez, J.; Giron-Prieto, M.S.; Gutierrez-Salmeron, M.T.; Mellado, V.G.; Naranjo-Sintes, R. Cardiovascular Risk Factors in Patients with Lichen Planus. Am. J. Med. 2011, 124, 543–548. [Google Scholar] [CrossRef]

	



Lai, Y.C.; Yew, Y.W.; Schwartz, R.A. Lichen Planus and Dyslipidemia: A Systematic Review and Meta-analysis of Observational Studies. Int. J. Dermatol. 2016, 55, e295–e304. [Google Scholar] [CrossRef]

	



Leasure, A.C.; Acosta, J.N.; Sansing, L.H.; Sheth, K.N.; Cohen, J.M.; Falcone, G.J. Association of Lichen Planus with Cardiovascular Disease: A Combined Analysis of the UK Biobank and All of Us Study. J. Am. Acad. Dermatol. 2021, 87, 454–456. [Google Scholar] [CrossRef]

	



Aksu, F.; Karadag, A.S.; Caliskan, M.; Uzuncakmak, T.K.; Keles, N.; Ozlu, E.; Yilmaz, Y.; Akdeniz, N. Does Lichen Planus Cause Increased Carotid Intima-Media Thickness and Impaired Endothelial Function? Can. J. Cardiol. 2016, 32, 1246.e1–1246.e6. [Google Scholar] [CrossRef]

	



Yan, D.; Afifi, L.; Jeon, C.; Trivedi, M.; Chang, H.W.; Lee, K.; Liao, W. The Metabolomics of Psoriatic Disease. Psoriasis Targets Ther. 2017, 7, 1–15. [Google Scholar] [CrossRef] [PubMed]

	



Ilves, L.; Ottas, A.; Kaldvee, B.; Abram, K.; Soomets, U.; Zilmer, M.; Jaks, V.; Kingo, K. Metabolomic Analysis of Skin Biopsies from Patients with Atopic Dermatitis Reveals Hallmarks of Inflammation, Disrupted Barrier Function and Oxidative Stress. Acta Derm. Venereol. 2021, 101, adv00407. [Google Scholar] [CrossRef]

	



Yang, X.-Y.; Zhang, S.-N.; Li, X.-Z.; Wang, Y.; Yin, X.-D. Analysis of Human Serum Metabolome for Potential Biomarkers Identification of Erosive Oral Lichen Planus. Clin. Chim. Acta 2017, 468, 46–50. [Google Scholar] [CrossRef] [PubMed]

	



Warnakulasuriya, S.; Kujan, O.; Aguirre-Urizar, J.M.; Bagan, J.V.; González-Moles, M.Á.; Kerr, A.R.; Lodi, G.; Mello, F.W.; Monteiro, L.; Ogden, G.R.; et al. Oral Potentially Malignant Disorders: A Consensus Report from an International Seminar on Nomenclature and Classification, Convened by the WHO Collaborating Centre for Oral Cancer. Oral Dis. 2021, 27, 1862–1880. [Google Scholar] [CrossRef] [PubMed]

	



Gouveia-Figueira, S.; Danielsson, K.; Fowler, C.J. Changes in Proportions of Linoleic Acid-Derived Oxylipins in Oral Lichen Planus. Acta Derm. Venereol. 2019, 99, 1051–1052. [Google Scholar] [CrossRef]

	



Soininen, P.; Kangas, A.J.; Würtz, P.; Suna, T.; Ala-Korpela, M. Quantitative Serum Nuclear Magnetic Resonance Metabolomics in Cardiovascular Epidemiology and Genetics. Circ. Cardiovasc. Genet. 2015, 8, 192–206. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing. 2018. Available online: https://www.R-project.org/ (accessed on 21 April 2021).

	



Daye, M.; Temiz, S.A.; Isık, B. The Relationship between Lichen Planus and Metabolic Syndrome. J. Cosmet. Dermatol. 2021, 20, 2635–2639. [Google Scholar] [CrossRef]

	



Kolovou, G.D.; Anagnostopoulou, K.K.; Cokkinos, D.V. Pathophysiology of dyslipidaemia in the metabolic syndrome. Postgrad. Med. J. 2005, 81, 358–366. [Google Scholar] [CrossRef]

	



Kopin, L.; Lowenstein, C. Dyslipidemia. Ann. Intern. Med. 2017, 167, ITC81–ITC95. [Google Scholar] [CrossRef]

	



Illingworth, D.R. Lipoprotein Metabolism. Am. J. Kidney Dis. 1993, 22, 90–97. [Google Scholar] [CrossRef]

	



Feingold, K.R.; Anawalt, B.; Boyce, A.; Chrousos, G.; de Herder, W.W.; Dhatariya, K.; Dungan, K.; Hershman, J.M.; Hofland, J.; Kalra, S.; et al. Introduction to Lipids and Lipoproteins. In Endotext; MDText.com, Inc.: South Dartmouth, MA, USA, 2000. [Google Scholar]

	



Mahley, R.W.; Innerarity, T.L.; Rall, S.C., Jr.; Weisgraber, K.H. Plasma Lipoproteins: Apolipoprotein Structure and Function. J. Lipid Res. 1984, 25, 1277–1294. [Google Scholar] [CrossRef] [PubMed]

	



Lopez-Jornet, P.; Camacho-Alonso, F.; Rodriguez-Martines, M.A. Alterations in serum lipid profile patterns in oral lichen planus: A cross-sectional study. Am. J. Clin. Dermatol. 2012, 13, 399–404. [Google Scholar] [CrossRef] [PubMed]

	



Grammer, T.B.; Kleber, M.E.; März, W.; Silbernagel, G.; Siekmeier, R.; Wieland, H.; Pilz, S.; Tomaschitz, A.; Koenig, W.; Scharnagl, H. Low-density lipoprotein particle diameter and mortality: The Ludwigshafen Risk and Cardiovascular Health Study. Eur. Heart J. 2015, 36, 31–38. [Google Scholar] [CrossRef] [PubMed]

	



Ruuth, M.; Nguyen, S.D.; Vihervaara, T.; Hilvo, M.; Laajala, T.D.; Kondadi, P.K.; Gisterå, A.; Lähteenmäki, H.; Kittilä, T.; Huusko, J.; et al. Susceptibility of Low-Density Lipoprotein Particles to Aggregate Depends on Particle Lipidome, Is Modifiable, and Associates with Future Cardiovascular Deaths. Eur. Heart J. 2018, 39, 2562–2573. [Google Scholar] [CrossRef] [PubMed]

	



Annema, W.; von Eckardstein, A. Dysfunctional High-Density Lipoproteins in Coronary Heart Disease: Implications for Diagnostics and Therapy. Transl. Res. 2016, 173, 30–57. [Google Scholar] [CrossRef]

	



Annema, W.; von Eckardstein, A. High-Density Lipoproteins—Multifunctional but Vulnerable Protections from Atherosclerosis. Circ. J. 2013, 77, 2432–2448. [Google Scholar] [CrossRef]

	



Ganjali, S.; Dallinga-Thie, G.M.; Simental-Mendía, L.E.; Banach, M.; Pirro, M.; Sahebkar, A. HDL Functionality in Type 1 Diabetes. Atherosclerosis 2017, 267, 99–109. [Google Scholar] [CrossRef]

	



Petrie, J.R.; Guzik, T.J.; Touyz, R.M. Diabetes, Hypertension, and Cardiovascular Disease: Clinical Insights and Vascular Mechanisms. Can. J. Cardiol. 2018, 34, 575–584. [Google Scholar] [CrossRef]

	



Cardner, M.; Yalcinkaya, M.; Goetze, S.; Luca, E.; Balaz, M.; Hunjadi, M.; Hartung, J.; Shemet, A.; Kraenkel, N.; Radosavljevic, S.; et al. Structure-Function Relationships of HDL in Diabetes and Coronary Heart Disease. JCI Insight 2020, 5, e131491. [Google Scholar] [CrossRef]








[image: Metabolites 13 00091 g001 550] 





Figure 1. Boxplots of the top four statistically significant results that had differences between the blood samples of LP patients (red) and HC (green). p < 0.0029 is considered statistically significant. 
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Table 1. Statistically significant differences in lipoprotein particles and metabolites between blood serum samples obtained from patients suffering from LP and HC.
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Composition of Lipoprotein Particles and Metabolites

	
Mean for LP

	
Mean for HC

	
Wilcox-Test LP vs. HC, p < 0.0029






	
Large LDL




	
L-LDL-L

	
0.4

	
−0.39

	
0.0007




	
L-LDL-C

	
0.41

	
−0.4

	
0.0008




	
L-LDL-FC

	
0.41

	
−0.39

	
0.0008




	
L-LDL-CE

	
0.4

	
−0.39

	
0.001




	
L-LDL-PL

	
0.4

	
−0.38

	
0.0011




	
LDL




	
LDL-FC

	
0.39

	
−0.38

	
0.0008




	
LDL-C

	
0.38

	
−0.37

	
0.0024




	
LDL-L

	
0.38

	
−0.37

	
0.0027




	
IDL




	
IDL-PL

	
0.4

	
−0.39

	
0.0013




	
IDL-CE

	
0.4

	
−0.39

	
0.0021




	
IDL-C

	
0.4

	
−0.39

	
0.0023




	
IDL-FC

	
0.39

	
−0.38

	
0.0027




	
Clinical LDL cholesterol and its values




	
Clinical LDL-C *

	
0.39

	
−0.38

	
0.0014




	
Total C

	
0.41

	
−0.4

	
0.0016




	
Cholesteryl esters




	
Total CE

	
0.41

	
−0.39

	
0.0013




	
Free cholesterol




	
Total FC

	
0.4

	
−0.39

	
0.0028








C–cholesterol; CE–cholesteryl esters; FC–free cholesterol; HC–healthy controls; IDL–intermediate-density lipoprotein; L-–large; -L–total lipids; LDL–low-density lipoprotein; LP–lichen planus; PL–phospholipids. * Clinical LDL-C can be obtained from the NMR-based measures with the equation clinical LDL-C = LDL-C + IDL-C + XS-VLDL × 0.15. 
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