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Abstract

:

Atopic dermatitis (AD) is a chronic, highly pruritic, relapsing–remitting inflammatory skin disease. The etiology of AD has not been fully explained yet and complex interactions of various small molecules are still being taken into account. The aim of this research was to investigate the serum eosinophil-derived neurotoxin (EDN), platelet activating factor (PAF) and vascular endothelial growth factor (VEGF) concentrations in relation to the disease severity and pruritus intensity in adult patients with AD. This pilot study was performed on 30 participants (15 patients with AD and 15 healthy controls). Blood samples were taken to examine the serum levels of EDN, PAF and VEGF using the enzyme-linked immunosorbent assay (ELISA) test. The severity of disease was assessed by the Scoring Atopic Dermatitis (SCORAD) index. The intensity of pruritus, as a subjective symptom, was determined by the Visual Analogue Scale (VAS). Obtained results revealed that the EDN (p = 0.016) and VEGF (p = 0.032), but not PAF (p = 0.841) concentrations were significantly higher in patients with AD compared with those of the control group. There was positive correlation between the EDN level and the SCORAD index in patients with AD (r = −0.9, p = 0.037) which was not found for the PAF and VEGF levels. Circulating EDN, PAF and VEGF levels were not significantly correlated with the severity of pruritus. Our results suggest that the END and VEGF serum levels are significantly increased in patients with AD compared to control group. Moreover, EDN might be useful to reflect the severity of symptoms.
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1. Introduction


Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by remitting eczematous lesions and intense itch sensation. The number of patients with AD in children and in the adult population is still considerably high, amounting to about 2–17.6% in various international surveys [1,2,3,4]. The etiology of AD is complex and has not been fully explained yet. However, it might be associated with genetic and environmental factors and has a link with some cytokines taking part in autoimmune inflammation [5,6,7,8]. Dysfunction of the skin barrier related to epidermal defect and Th2-mediated immune response accompanied by the release of multiple molecules from the immune system cells are hallmark elements in pathogenesis of AD in the acute and chronic phases [9,10,11]. In the past, several studies were performed to prove that cytokines orchestrate atopic skin inflammation and investigate the possible association between such cytokines and AD severity. It has been suggested that IL-10, IL-6, IFN-γ and IL-4 levels were significantly decreased in AD group compared with controls; additionally, serum IgE, TNF and YKL-40 levels correlate with AD severity [12,13,14,15]. In our study, we focused on eosinophil-derived neurotoxin, platelet-activating factor and vascular endothelial growth factor—the main objectives were to contribute the serum level of these three molecules and assess the possible correlation with the severity of disease and itch intensity in adult patients with AD in comparison to healthy controls.



Eosinophil-derived neurotoxin (EDN) is an enzyme of the ribonuclease (RNAse) type synthesized by eosinophils and analogous in function to the eosinophil cationic protein. EDN is deposited in the eosinophil granules and its biological activity is focused on neurotoxic effect, cytotoxic impact on bacteria and viruses and chemotaxis induction of certain cells (i.e., monocytes and neutrophiles) [16]. Elevated level of EDN enhances synthesis of matrix metalloproteinase-9, which in turn can reduce eosinophilic chronic inflammation and the remodeling process on the surrounding tissues. What is more, available reports [17,18] have shown that EDN is important in the pathophysiology of asthma, where is associated with the airway hyperresponsiveness and severity of the disease.



Platelet-activating factor (PAF) is a phospholipid continuously produced in a very low concentration by platelets, neutrophils, monocytes, macrophages and endothelial cells. Its synthesis is increased during an inflammatory condition, an allergic response, shock, platelet aggregation and activation of thrombotic cascades or dilation of blood vessels. PAF-acetyl hydrolase (PAF-AH) degrades the PAF and PAF-like phospholipids, controlling their actions. Rupatadine, as a representative of a second-generation antihistamine agonist, affects histamine and PAF pathways, which further inhibits mast cell activation. This dual braking is approved for the treatment of allergic rhinitis and chronic urticaria [19,20].



Vascular endothelial growth factor (VEGF) in terms of chemical structure is a heparin-binding homodimer glycoprotein that plays a pivotal role during the angiogenesis process. Epithelial cells, macrophages, platelets, and neutrophils are mainly VEGF-secreting cells. The “VEGF family” consists of: VEGF-A (simply called VEGF), VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F and placental growth factor (PlGF). Deregulation in VEGF metabolism may implicate in various diseases such as asthma, chronic obstructive pulmonary disease, age-related macular degeneration, diabetic retinopathy, ischemic heart disease, rheumatoid diseases, cancers and metastasis [21,22,23].



Despite the growing understanding of the pathomechanism of AD, a specific parameter that could easily be measured has not been found so far. To the best of our knowledge, there are not many recent reports concerning the issue of EDN, PAF and VEGF in adult patients with AD showing the correlation with some clinical parameters of the disease. That is why we have decided to explore that issue in skin atopy—this is the first study further examining only these three molecules, observed regardless of the presence of other atopic diseases, in the Polish adult population. The significance of this report is to extend our knowledge on EDN, PAF and VEGF in AD, attempt to indicate among them a probable biomarker for AD diagnosing and monitoring and propose as a possible new therapeutic target of the disease.




2. Materials and Methods


2.1. Examined Groups


This pilot study included a total number of 30 participants: 23 female and 7 male patients, aged from 20 to 49 years (average age: 30.91 ± 8.65 years). The study was approved by the local ethical committee (protocol code KB—224/2020) and all patients signed informed consent to participate in the study. Among them, 15 patients (12 female and 3 male patients, aged from 20 to 49 years (average age: 30 ± 11.31 years)) were diagnosed with atopic dermatitis according to criteria defined by Hanifin and Rajka [24]. Patients with AD were in a stable period of the disease; they only used topical skin care preparations and emollients without taking systemic treatment (the washout period for systemic treatment with long-acting antihistamines or systemic corticosteroids was no less than 14 days before the recruitment). The control group of healthy volunteers consisted of 15 subjects: 11 female and 4 male patients, aged from 21 to 40 years (average age: 31.67 ± 6.77 years). They did not suffer from any chronic skin diseases and did not take permanently treatments for any diseases. The population data of all participants are shown in Table 1.



The exclusion criteria of all participants included: lack of consent, age under 18 and over 70 years, pregnant and breastfeeding female patients, presence of acute skin changes and taking drugs from the group of long-acting antihistamines or systemic corticosteroids up to 14 days prior to the study.




2.2. Blood Collection and Biochemical Analysis


A quantity of 5 mL of venous blood samples were taken from all patients and healthy controls. Then, the serum was separated after centrifugation and kept at temperature −70 °C for further research. Next, the mean serum levels of EDN, PAF and VEGF were measured using the human enzyme-linked immunosorbent assay (ELISA) kits, according to the manufacturers’ instructions (Wuhan EIAAB Science Co., Ltd., Wuhan, China).




2.3. Disease’s Severity


The Scoring Atopic Dermatitis (SCORAD) index was used for the assessment of disease severity in patients with atopic dermatitis. Based on the obtained number of points, patients can score with mild (<25 points), moderate (25–50 points) or severe (>50 points) AD [25].



The Visual Analogue Scale (VAS) was applied to evaluate the intensity of pruritus from the previous week. Participants were asked to assess intensity of itch, form 0 points (no itching) to 10 points (worst imaginable itch). The results were ranked as follows: 0–2.9 points—mild pruritus; 3–6.9 points—moderate pruritus; 7–8.9 points—severe pruritus and 9–10 points—very severe pruritus [26].




2.4. Statistical Analysis


Statistical analysis was performed using the Statistica 13.3 software (StatSoft, Kraków, Poland). The Bartlett test was used to examine the homogeneity of variance. Verification of the hypothesis of equality of mean parameters in independent groups was carried out by the nonparametric Mann–Whitney U test. The χ2 test was used to compare nominal and ordinal data. The Spearman correlation coefficient was performed for analysis of selected parameter pairs. A p value of less than 0.05 was accepted as statistically significant.





3. Results


The obtained results revealed significantly higher mean serum levels of EDN and VEGF in AD patients than in healthy controls. PAF level also was found higher in AD patients, but this difference was not statistically significant.



The differences in serum concentrations of examined molecules in both groups of participants are shown on Figure 1 and in Table 2.



In the study group of patients with AD, 3 participants had severe AD, and 12 participants had a moderate degree of disease severity according to the SCORAD index. Furthermore, we found relationships between the mean EDN serum concentration and the severity of AD—there was a significant positive correlation between EDN level and the SCORAD index. On the contrary, no correlation was found between PAF, or VEGF concentration and the intensity of AD measured by SCORAD index.



All patients with AD reported skin pruritus of average–moderate intensity assessed using VAS scale. Nevertheless, the mean serum EDN, PAF and VEGF concentrations did not correlate with the intensity of itch sensations.



The data about disease severity in our patients with AD are shown in Table 3.




4. Discussion


Our study supports the immune and inflammatory component in AD mediated largely by selected chemokines whose potential role in the pathogenesis of the disease is indicated by an increased serum level. We demonstrated that serum levels of all three investigated molecules in patients suffering from AD were higher than in group of healthy controls—it may indicate their important role in the complex inflammatory process observed in patients with AD. In accordance with studies from available literature, many cellular mediators, i.e., bioactive lipids, leukotrienes, prostaglandins, cytokines or proteases are critical regulators of signaling cascades, degranulation and chemotaxis in the course of not only atopic dermatitis, but also of asthma and rhinitis, food allergies, anaphylaxis, and urticaria [27,28,29]. In other places, a possible role of cells like eosinophils and basophils in the pathology of skin disorders has been described, indicating that mediators are synthesized and released in inflammation after cell activation during AD. Some molecules, among others EDN, PAF and VEGF, have been demonstrated in lesioned atopic dermatitis skin, where they might reflect a migratory response with basophils and eosinophils “priming”, and consequently have an irritating impact on surrounding tissues [30,31]. In our study, marked differences in EDN, PAF and VEGF concentrations between AD patients and healthy participants also seem to confirm the cytokine imbalance as a part of the pathogenesis of AD. In several studies conducted (e.g., by Jenerowicz et al. [32] and Taniuchi et al. [33]), the mean level of eosinophil proteins including EDN in serum and urine of AD patients has been found to be significantly increased compared with the healthy controls. Like our findings, these results suggest the usefulness of EDN as a part of diagnostic approach to AD patients. Moreover, it has been previously shown that EDN might be related to the disease severity. In examined AD patients, Kim et al. [34] revealed the serum levels of EDN were significantly higher in the severe recalcitrant AD group and severe AD group compared with the mild to moderate AD group. Additionally, EDN had a significant positive correlation with the SCORAD index. Furthermore, it has been reported by Goto et al. [35] that the urinary EDN concentration in patients with AD was correlated with visual analogue scale (VAS scores) for itching, skin condition or overall skin symptoms. According to the above data and our present results, we conclude that EDN may strongly reflect disease severity and could be a biomarker for evaluating AD disease activity.



According to data from the literature, the histological features of the subacute or chronic stages of AD are connected to angiogenesis and linked to pro-angiogenic factors, including VEGF, which was found increased in the stratum corneum of patients with AD compared to non-lesional skin. Additionally, the mean serum level of VEGF was found to be significantly higher in AD patients than in the control group, but there was not a significant correlation with disease severity [12,36], which stays in agreement with our present results.



However, in contrast to our findings, Samochocki et al. [12] and Lee et al. [37] described that the VEGF concentrations correlated with the severity of AD as expressed by the SCORAD index. Nevertheless, considering that VEGF showed a significant decrease after systemic treatment with methotrexate or azathioprine in patients with AD [15], this molecule could be regarded as a potentially important mediator in the pathogenesis of AD, a practicable biomarker correlating with severity and therapeutic response in patients with AD.



A few studies with in vitro and in vivo analysis concluded that PAF, as a member from the group of lipid mediators, might have an impact in the immunopathogenesis of AD [38]. Interestingly, the authors have suggested that colonization by Staphylococcus aureus is associated with exacerbation of AD induced by eosinophil activation via the PAF receptor [39]. Additionally, the findings of Jenks et al. [40] indicate that PAF induced opening of endothelial gaps and extravasation of neutrophils and eosinophils in the normal-appearing skin of patients with AD. Moreover, a study with a topically applied PAF antagonist was performed in patients with AD but the therapeutic efficacy did not demonstrate a superior effect in comparison to the placebo [41]. Taken together, previous reports in the literature about PAF and our findings showing that PAF level was detected in higher concentrations in systemic circulation in patients with AD than in control group, it can be asserted that this molecule is important in skin inflammation and AD pathogenesis. A correlation that was not statistically significant was obtained between high PAF concentration and the intensity of AD measured with the SCORAD index. This supports the notion that definitions of the cytokine profiles and mechanisms underlying such an elevation in AD patients are still not clear.



Results from our study give information that may be useful for better understanding of the potential role of EDN, PAF and VEGF in patients with AD. However, it has not been definitively clear whether the examined molecules are associated with chronic inflammation in the course of AD or if are involved in specific biochemical reactions during atopy. Moreover, in the obtained results, there was no correlation between these molecules’ levels and the pruritus intensity in AD patients.



Pruritus represents one of the most bothersome symptoms (that is uncomfortable sensation underlying the desire to scratch), but in most cases, it causes sleep disturbances and reduces overall quality of life. Its pathogenesis is diverse and involves a complex histaminergic and non-histaminergic pathway, where the crosstalk between the immune system, cutaneous and neuronal cells has an impact on numerous dermatological and systemic diseases. Among the known pruritogens that signal through shared Janus kinase pathways, the most important roles are played by Th2 cytokines (IL-4, IL-13, IL-31), thymic stromal lymphopoietin, periostin, substance P, neurokinin 1R, neurotrophins nerve growth factor, autotaxin, histamine H4 receptor and oncostatin M [42,43,44]. In the inflamed lesional skin of AD patients compared to healthy controls, cells of the inflammatory, including eosinophils, basophils and lymphocytes, infiltrate and have been described to release various pruritogens and through their interaction with neuronal cells, which is correlated with itch severity. For individuals with AD, increased blood eosinophils and basophils may serve as a biomarker of T helper cell type 2 polarization through the secretion of various cytokines, including histamine, IL-31 or periostin, and are likely to contribute to itch [31,45,46]. Considering our research, it should be noted that VEGF is known to be increased in AD lesions which correlates with local vascular abnormalities, trans-epidermal water loss and skin–water content. What is more, VEGF over-expression with angiogenesis and increasing vascular permeability in AD patients, may induce itch indirectly by recruiting many immune cells (i.e., eosinophils and basophils) that target pruritogenic substances to lesional sites [47,48]. Additionally, the PAF produced by a variety of cells is involved in increasing vascular permeability causing activation and migration of eosinophils, neutrophils, and monocytes, leading to increased and prolonged skin inflammation with itch. In AD patients, PAF also activates mast cells by peripheral nerve activation, then with degranulation and secretion of a wide variety of itch-related mediators, including histamine. For this reason, addition of anti-PAF action to the H1-receptor agonist reduces itching more effectively [31,49]. Furthermore, it has been suggested that eosinophil-derived proteins in serum may reflect the inflammatory activities of eosinophils in allergic diseases, and in study by Goto et al. [35], urinary EDN concentrations in patients with AD did not correlate with involvement of eosinophilic inflammation in the formation of atopic dry skin with itching.



The lack of positive correlation between molecule serum levels and itch intensity may suggest it plays a supportive, rather than a key, role in the pathogenesis of pruritus in the course of AD; however, further studies on a larger group of patients are required to confirm these observations.



Some limitations of our pilot study should be pointed out: small sample size, no dividing AD patients into subtypes (intrinsic vs. extrinsic), no relations between other biochemical markers (i.e., IgE level, CCL17 and CCL18) and no other scores for AD severity (i.e., EASI) have been investigated. Nevertheless, it should be emphasized that our work is the first to consider these three small molecules simultaneously and the first to be carried out in the adult Polish population.




5. Conclusions


In summary, our results support the concept of a systemic and an inflammatory component in AD. The presented pilot study is one of the reports to simultaneously assess an increased serum level of EDN, PAF and VEGF in adult patients with AD. Moreover, EDN and VEGF levels were significantly higher in AD patients compared to the control group, but only the EDN level was relevant to disease severity by the SCORAD index. Therefore, the findings described above may be useful for establishing these small molecules being involved in the complex etiology of the disease and as a potential factor playing a role in the immunopathological progression of AD. In addition, the presented study puts emphasis on the possible supportive role of EDN, PAF and VEGF in the pathogenesis of pruritus during AD. Nevertheless, more research is needed on a larger sample of patients to clarify whether EDN, PAF, and VEGF may be prognostic tools prior to AD exacerbations, biomarkers of this disease or new effective targeted therapies.







Author Contributions


Conceptualization, K.G.; methodology, K.G., E.W. and J.C.S.; formal analysis, K.G. and E.W.; investigation, K.G. and E.W.; resources, K.G.; data curation, K.G.; writing—original draft preparation, K.G.; writing—review and editing, E.W. and J.C.S.; visualization, K.G.; supervision, J.C.S.; project administration, K.G.; funding acquisition, K.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Ministry of Health subvention according to number of STM.A200.20.045 from the IT Simple system of Wroclaw Medical University, Wroclaw, Poland.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee at the Wroclaw Medical University, Poland (protocol code KB—224/2020, date for approval 20 April 2020).




Informed Consent Statement


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




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon request.




Acknowledgments


We would like to thank Marta Wrześniak and Masha Stavska for laboratory analysis and Małgorzata Rąpała and Krzysztof Kujawa for statistics.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Jaworek, A.K.; Szepietowski, J.C.; Szafraniec, K.; Jaworek, M.; Hałubiec, P.; Wojas-Pelc, A.; Pokorski, M. Adipokines as Biomarkers of Atopic Dermatitis in Adults. J. Clin. Med. 2020, 9, 2858. [Google Scholar] [CrossRef] [PubMed]

	



Barbarot, S.; Auziere, S.; Gadkari, A.; Girolomoni, G.; Puig, L.; Simpson, E.L.; Margolis, D.J.; de Bruin-Weller, M.; Eckert, L. Epidemiology of atopic dermatitis in adults: Results from an international survey. Allergy 2018, 73, 1284–1293. [Google Scholar] [CrossRef] [PubMed]

	



Blazowski, L.; Majak, P.; Kurzawa, R.; Kuna, P.; Jerzynska, J. Food allergy endotype with high risk of severe anaphylaxis in children-monosensitization to cashew 2S albumin Ana o 3. Allergy 2019, 74, 1945–1955. [Google Scholar] [CrossRef]

	



Harrop, J.; Chinn, S.; Verlato, G.; Olivieri, O.; Norbäck, D.; Wjst, M.; Janson, C.; Zock, J.; Leynaert, B.; Gislason, D.; et al. Eczema, atopy, and allergen exposure in adults: A population-based study. Clin. Exp. Allergy 2007, 37, 526–535. [Google Scholar] [CrossRef] [PubMed]

	



Langan, S.M.; Irvine, A.D.; Weidinger, S. Atopic dermatitis. Lancet 2020, 396, 345–360. [Google Scholar] [CrossRef]

	



Yao, Y.; Ravn Jørgensen, A.H.; Thomsen, S.F. Biologics for chronic inflammatory skin diseases: An update for the clinician. J. Dermatol. Treat. 2020, 31, 108–130. [Google Scholar] [CrossRef]

	



Nedoszytko, B.; Sokołowska-Wojdyło, M.; Ruckemann-Dziurdzińska, K.; Roszkiewicz, J.; Nowicki, R.J. Chemokines and cytokines network in the pathogenesis of the inflammatory skin diseases: Atopic dermatitis, psoriasis, and skin mastocytosis. Adv. Dermatol. Allergol. 2014, 31, 84–91. [Google Scholar] [CrossRef]

	



Werfel, T.; Allam, J.P.; Biedermann, T.; Eyerich, K.; Gilles, S.; Guttman-Yassky, E.; Hoetzenecker, W.; Knol, E.; Simon, H.U.; Wollenberg, A.; et al. Cellular and molecular immunologic mechanisms in patients with atopic dermatitis. J. Allergy Clin. Immunol. 2016, 138, 336–349. [Google Scholar] [CrossRef]

	



Silverberg, J.I. Atopic dermatitis in adults. Med. Clin. N. Am. 2020, 104, 157–176. [Google Scholar] [CrossRef]

	



Fujii, M. Current understanding of pathophysiological mechanisms of atopic dermatitis: Interactions among skin barrier dysfunction, immune abnormalities and pruritus. Biol. Pharm. Bull. 2020, 43, 12–19. [Google Scholar] [CrossRef]

	



Roan, F.; Obata-Ninomiya, K.; Ziegler, S.F. Epithelial cellderived cytokines: More than just signaling the alarm. J. Clin. Investig. 2019, 129, 1441–1451. [Google Scholar] [CrossRef]

	



Samochocki, Z.; Bogaczewicz, J.; Sysa-Jędrzejowska, A.; McCauliffe, D.P.; Kontny, E.; Wozniacka, A. Expression of vascular endothelial growth factor and other cytokines in atopic dermatitis, and correlation with clinical features. Int. J. Dermatol. 2016, 55, 141–146. [Google Scholar] [CrossRef]

	



Vakirlis, E.; Lazaridou, E.; Tzellos, T.G.; Gerou, S.; Chatzidimitriou, D.; Ioannides, D. Investigation of cytokine levels and their association with SCORAD index in adults with acute atopic dermatitis. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 409–416. [Google Scholar] [CrossRef]

	



Salomon, J.; Matusiak, Ł.; Nowicka-Suszko, D.; Szepietowski, J.C. Chitinase-3-Like Protein 1 (YKL-40) Reflects the Severity of Symptoms in Atopic Dermatitis. J. Immunol. Res. 2017, 2017, 5746031. [Google Scholar] [CrossRef]

	



Roekevisch, E.; Szegedi, K.; Hack, D.P.; Schram, M.E.; Res, P.C.; Bos, J.D.; Leeflang, M.M.; Luiten, R.M.; Kezic, S.; Spuls, P.I.; et al. Effect of immunosuppressive treatment on biomarkers in adult atopic dermatitis patients. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 1545–1554. [Google Scholar] [CrossRef]

	



Rosenberg, H.F. Eosinophil-Derived Neurotoxin (EDN/RNase 2) and the Mouse Eosinophil-Associated RNases (mEars): Expanding Roles in Promoting Host Defense. Int. J. Mol. Sci. 2015, 16, 15442–15455. [Google Scholar] [CrossRef]

	



Lee, Y.; Lee, J.H.; Yang, E.M.; Kwon, E.M.; Jung, C.G.; Kim, S.C.; Choi, Y.; Cho, Y.S.; Kim, C.K.; Park, H.S. Serum levels of eosinophil-derived neurotoxin: A biomarker for asthma severity in adult asthma. Allergy Asthma Immunol. Res. 2019, 11, 394–405. [Google Scholar] [CrossRef]

	



Tsuda, T.; Maeda, Y.; Nishide, M.; Koyama, S.; Hayama, Y.; Nojima, S.; Takamatsu, H.; Okuzaki, D.; Kinehara, Y.; Kato, Y.; et al. Eosinophil-derived neurotoxin enhances airway remodelling in eosinophilic chronic rhinosinusitis and correlates with disease severity. Int. Immunol. 2018, 31, 33–40. [Google Scholar] [CrossRef]

	



Yost, C.C.; Weyrich, A.S.; Zimmerman, G.A. The platelet activating factor (PAF) signaling cascade in systemic inflammatory responses. Biochimie 2010, 92, 692–697. [Google Scholar] [CrossRef]

	



Mullol, J.; Bousquet, J.; Bachert, C.; Canonica, W.G.; Gimenez-Arnau, A.; Kowalski, M.L.; Martí-Guadaño, E.; Maurer, M.; Picado, C.; Scadding, G. Rupatadine in allergic rhinitis and chronic urticaria. Allergy 2008, 63, 5–28. [Google Scholar] [CrossRef]

	



Park, S.A.; Jeong, M.S.; Ha, K.; Jang, S.B. Structure and function of vascular endothelial growth factor and its receptor system. BMB Rep. 2018, 51, 73–78. [Google Scholar] [CrossRef] [PubMed]

	



Gomułka, K.; Liebhart, J.; Jaskuła, E.; Lange, A.; Mędrala, W. The -2549-2567 del18 Polymorphism in VEGF and Irreversible Bronchoconstriction in Asthmatics. J. Investig. Allergol. Clin. Immunol. 2019, 29, 431–435. [Google Scholar] [CrossRef] [PubMed]

	



Smith, G.A.; Fearnley, G.W.; Harrison, M.A.; Tomlinson, D.C.; Wheatcroft, S.B.; Ponnambalam, S. Vascular endothelial growth factors: Multitasking functionality in metabolism, health, and disease. J. Inherit. Metab. Dis. 2015, 38, 753–763. [Google Scholar] [CrossRef] [PubMed]

	



Hanifin, J.M.; Rajka, G. Diagnostic features of atopic dermatitis. Acta Dermatol. Venereol. 1980, 92, 44–47. [Google Scholar]

	



Sialder, J.F.; Tai’eb, A.; Atherton, D.J.; Bieber, I.; Boni, F.; Broberg, A.; C’ala, A.; Coleman, R.; de Prost, Y.; Diepgen, T.L.; et al. Severity scoring of atopic dermatitis: The SCORAD Index. Consensus report of the European Task Force on Atopic Dermatitis. Dermatology 1993, 186, 23–31. [Google Scholar]

	



Szepietowski, J.; Reich, A. Świąd. Patomechanizm, Klinika, Leczenie; Termedia Wydawnictwa Medyczne: Poznań, Poland, 2010. [Google Scholar]

	



Schauberger, E.; Peinhaupt, M.; Cazares, T.; Lindsley, A.W. Lipid Mediators of Allergic Disease: Pathways, Treatments, and Emerging Therapeutic Targets. Curr. Allergy Asthma Rep. 2016, 16, 48. [Google Scholar] [CrossRef]

	



Venge, P. Monitoring the allergic inflammation. Allergy 2004, 59, 26–32. [Google Scholar] [CrossRef]

	



Travers, J.B. Novel immunomodulators for topical skin disease therapy. Expert Opin. Investig. Drugs 2000, 9, 529–542. [Google Scholar] [CrossRef]

	



Bruijnzeel, P.L.; Kuijper, P.H.; Rihs, S.; Betz, S.; Warringa, R.A.; Koenderman, L. Eosinophil migration in atopic dermatitis. I: Increased migratory responses to N-formyl-methionyl-leucyl-phenylalanine, neutrophil-activating factor, platelet-activating factor, and platelet factor 4. J. Investig. Dermatol. 1993, 100, 137–142. [Google Scholar] [CrossRef]

	



Hashimoto, T.; Rosen, J.D.; Sanders, K.M.; Yosipovitch, G. Possible roles of basophils in chronic itch. Exp. Dermatol. 2019, 28, 1373–1379. [Google Scholar] [CrossRef]

	



Jenerowicz, D.; Czarnecka-Operacz, M.; Silny, W. Selected eosinophil proteins as markers of inflammation in atopic dermatitis patients. Acta Dermatovenerol. Croat. 2006, 14, 73–80. [Google Scholar]

	



Taniuchi, S.; Chihara, J.; Kojima, T.; Yamamoto, A.; Sasai, M.; Kobayashi, Y. Serum eosinophil derived neurotoxin may reflect more strongly disease severity in childhood atopic dermatitis than eosinophil cationic protein. J. Dermatol. Sci. 2001, 26, 79–82. [Google Scholar] [CrossRef]

	



Kim, H.S.; Kim, J.H.; Seo, Y.M.; Chun, Y.H.; Yoon, J.S.; Kim, H.H.; Lee, J.S.; Kim, J.T. Eosinophil-derived neurotoxin as a biomarker for disease severity and relapse in recalcitrant atopic dermatitis. Ann. Allergy Asthma Immunol. 2017, 119, 441–445. [Google Scholar] [CrossRef]

	



Goto, T.; Morioka, J.; Inamura, H.; Yano, M.; Kodaira, K.; Igarashi, Y.; Abe, S.; Kurosawa, M. Urinary eosinophil-derived neurotoxin concentrations in patients with atopic dermatitis: A useful clinical marker for disease activity. Allergol. Int. 2007, 56, 433–438. [Google Scholar] [CrossRef]

	



Koczy-Baron, E.; Jochem, J.; Kasperska-Zajac, A. Increased plasma concentration of vascular endothelial growth factor in patients with atopic dermatitis and its relation to disease severity and platelet activation. Inflamm. Res. 2012, 61, 1405–1409. [Google Scholar] [CrossRef]

	



Lee, H.J.; Hong, Y.J.; Kim, M. Angiogenesis in Chronic Inflammatory Skin Disorders. Int. J. Mol. Sci. 2021, 22, 12–35. [Google Scholar] [CrossRef]

	



Ohnishi, T.; Watanabe, S.; Kobayashi, M.; Sugimoto, M.; Yamada, K.; Yamaoka, K.; Kinoshita, M. Serum platelet-activating factor acetylhydrolase activity in patients with atopic dermatitis. J. Dermatol. Sci. 2003, 33, 70–72. [Google Scholar] [CrossRef]

	



Hosoki, K.; Nakamura, A.; Nagao, M.; Hiraguchi, Y.; Tanida, H.; Tokuda, R.; Wada, H.; Nobori, T.; Suga, S.; Fujisawa, T. Staphylococcus aureus directly activates eosinophils via platelet-activating factor receptor. J. Leukoc. Biol. 2012, 92, 333–341. [Google Scholar] [CrossRef]

	



Jenks, P.J.; Kavanagh, G.M.; Brooks, J.; Bradfield, J.W.; Archer, C.B. Comparison of weal and flare responses to platelet activating factor (PAF) and histamine, and the ultrastructural effects of PAF in the skin of atopic and normal subjects. Clin. Exp. Dermatol. 1999, 24, 112–117. [Google Scholar] [CrossRef]

	



Abeck, D.; Andersson, T.; Grosshans, E.; Jablonska, S.; Kragballe, K.; Vahlquist, A.; Schmidt, T.; Dupuy, P.; Ring, J. Topical application of a platelet-activating factor (PAF) antagonist in atopic dermatitis. Acta Derm. Venereol. 1997, 77, 449–451. [Google Scholar]

	



Sutaria, N.; Adawi, W.; Goldberg, R.; Roh, Y.S.; Choi, J.; Kwatra, S.G. Itch: Pathogenesis and treatment. J. Am. Acad. Dermatol. 2022, 86, 17–34. [Google Scholar] [CrossRef] [PubMed]

	



Hashimoto, T.; Kursewicz, C.D.; Fayne, R.A.; Nanda, S.; Shah, S.M.; Nattkemper, L.; Yokozeki, H.; Yosipovitch, G. Pathophysiologic mechanisms of itch in bullous pemphigoid. J. Am. Acad. Dermatol. 2020, 83, 53–62. [Google Scholar] [CrossRef] [PubMed]

	



Roh, Y.S.; Choi, J.; Sutaria, N.; Kwatra, S.G. Itch: Epidemiology, clinical presentation, and diagnostic workup. J. Am. Acad. Dermatol. 2022, 86, 1–14. [Google Scholar] [CrossRef] [PubMed]

	



Hashimoto, T.; Mishra, S.K.; Olivry, T.; Yosipovitch, G. Periostin, an Emerging Player in Itch Sensation. J. Investig. Dermatol. 2021, 141, 2338–2343. [Google Scholar] [CrossRef]

	



Raap, U.; Ständer, S.; Metz, M. Pathophysiology of itch and new treatments. Curr. Opin. Allergy Clin. Immunol. 2011, 11, 420–427. [Google Scholar] [CrossRef]

	



Amarbayasgalan, T.; Takahashi, H.; Dekio, I.; Morita, E. Content of Vascular Endothelial Growth Factor in Stratum Corneum Well Correlates to Local Severity of Acute Inflammation in Patients with Atopic Dermatitis. Int. Arch. Allergy Immunol. 2012, 157, 251–258. [Google Scholar] [CrossRef]

	



Komiya, E.; Tominaga, M.; Kamata, Y.; Suga, Y.; Takamori, K. Molecular and Cellular Mechanisms of Itch in Psoriasis. Int. J. Mol. Sci. 2020, 21, 8406. [Google Scholar] [CrossRef]

	



Fukasawa, T.; Yoshizaki-Ogawa, A.; Enomoto, A.; Miyagawa, K.; Sato, S.; Yoshizaki, A. Pharmacotherapy of Itch–Antihistamines and Histamine Receptors as G Protein-Coupled Receptors. Int. J. Mol. Sci. 2022, 23, 6579. [Google Scholar] [CrossRef]








[image: Biomedicines 10 03109 g001 550] 





Figure 1. The mean serum concentrations of the examined molecules in patients with atopic dermatitis (AD) and healthy control. 
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Table 1. Demographic data of the examined groups.
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	Parameters
	Atopic Dermatitis Group
	Control Group





	Participants, n
	15
	15



	Age (years), mean ± SD
	30 ± 11.31
	31.67 ± 6.77



	Sex female, n (%)
	12 (80%)
	11 (73.33%)



	BMI (kg/m2), mean ± SD
	27.8 ± 6.3
	26.7 ± 6.8



	Smoker—current or former, n (%)
	8 (53.33%)
	6 (40%)



	Other concomitant atopic disease: asthma, n (%)
	2 (13.33%)
	1 (6.67%)



	Other concomitant atopic disease: rhinitis, n (%)
	3 (20%)
	2 (13.33%)







BMI—Body Mass Index; SD—standard deviation.
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Table 2. Laboratory findings in examined participants.
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Parameters

	
Atopic Dermatitis Group (n = 15)

	
Control Group (n = 15)

	
p Value




	
     x ´  ±   SD   ( Range )    

	
Minimal–Maximal Value

	
     x ´  ±   SD   ( Range )    

	
Minimal–Maximal Value






	
EDN (ng/mL)

	
35.9 ± 24.89

	
20.24–83.05

	
12.0 ± 4.61

	
9.77–20.99

	
0.016




	
PAF (ng/mL)

	
17.8 ± 9.66

	
0.0–25.27

	
14.9 ± 4.19

	
8.13–18.05

	
0.841




	
VEGF (ng/mL)

	
213.7 ± 192.59

	
98.67–597.47

	
84.6 ± 36.83

	
69.36–160.53

	
0.032








   x ´   —mean; SD—Standard Deviation; EDN—Eosinophil-Derived Neurotoxin; PAF—Platelet-Activating Factor; VEGF—Vascular Endothelial Growth Factor.
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Table 3. Clinical characteristic of the examined patients with AD.
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Parameters

	
Atopic Dermatitis Group (n = 15)

	
Correlation




	
     x ´  ±   SD   ( Range )    

	
Minimal–Maximal Value

	
EDN

	
PAF

	
VEGF






	
SCORAD index (points)

	
40.6 ± 17.20

	
26–70

	
r = −0.9

p = 0.037

	
r = 0.2

p = 0.747

	
r = 0.6

p = 0.285




	
Pruritus (VAS) (points)

	
6.0 ± 2.12

	
4–9

	
r = 0.1

p = 0.784

	
r = −0.02

p = 0.959

	
r = 0.29

p = 0.411








   x ´   —Mean; SD—Standard Deviation; SCORAD—The Scoring Atopic Dermatitis Scale; VAS—The Visual Analogue Scale; EDN—Eosinophil-Derived Neurotoxin; PAF—Platelet-Activating Factor; VEGF—Vascular Endothelial Growth Factor.
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