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Introduction

Food allergies have a substantial impact on patient health, but their mechanisms are poorly understood, and strategies for diagnosing, preventing, and treating food allergies are not optimal. This study explored the levels of and relationship between IL-17A and IFN-γ in the saliva of children with food allergies, which will form the basis for further mechanistic discoveries as well as prevention and treatment measures for food allergies.





Methods

A case–control study with 1:1 matching was designed. Based on the inclusion criteria, 20 case–control pairs were selected from patients at the Skin and Allergy Clinic and children of employees. IL-17A and IFN-γ levels in saliva were measured with a Luminex 200 instrument. A general linear model was used to analyze whether the salivary IL-17A and IFN-γ levels in the food allergy group differed from those in the control group.





Results

The general linear model showed a significant main effect of group (allergy vs. healthy) on the levels of IL-17A and IFN-γ. The mean IL-17A level (0.97 ± 0.09 pg/ml) in the food allergy group was higher than that in the healthy group (0.69 ± 0.09 pg/ml). The mean IFN-γ level (3.0 ± 0.43 pg/ml) in the food allergy group was significantly higher than that in the healthy group (1.38 ± 0.43 pg/ml). IL-17A levels were significantly positively related to IFN-γ levels in children with food allergies (r=0.79) and in healthy children (r=0.98).





Discussion

The salivary IL-17A and IFN-γ levels in children with food allergies were higher than those in healthy children. This finding provides a basis for research on new methods of diagnosing food allergies and measuring the effectiveness of treatment.
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1 Introduction

Food allergy (FA) is an adverse health effect characterized by an immune response that occurs reproducibly after exposure to a given food (1). FA can be divided into three categories: IgE mediated, IgE dependent and IgE independent pathway mediated (mixed), and non IgE mediated (2). Due to the release of mediators triggered by the binding of IgE antibodies to mast cells and basophils, IgE-mediated FA is characterized by immediate clinical manifestations. Non-IgE-mediated FA is an inflammatory response driven by T cells (3).

The various cell types involved in the occurrence and development of FA produce different cytokines and regulate different functions. The cytokines produced by Th2 cells, such as IL-4, IL-5, and IL-13, induce B cells to differentiate into plasma cells that produce IgE (4). Specific IgE antibodies induce degranulation of mast cells and release mediators such as cytokines, leading to allergic symptoms (5). T regulatory cells (Tregs) produce inhibitory cytokines such as IL-10 and TGF-β and play an important role in maintaining food tolerance and preventing the occurrence of FA (6).

Recently, functional research on Th17 has revealed the complexity of Th1/Th2 imbalance in FA, broadening the understanding of the pathogenesis of allergies (7, 8).Th17 cells mainly exist on the surface of the intestinal mucosa, which helps to maintain intestinal homeostasis (9, 10). A decisive feature of Th17 cells is their phenotypic flexibility, which allows them to easily undergo phenotypic changes based on the local environment. Research has found simultaneous expression of IL-17 and IFN-γ at the inflammatory site of Th17 cells, which are called Th17/Th1 cells (11, 12). An increasing number of studies have found that Th17/Th1 cells play a crucial role in the pathogenesis of many other intestinal immune diseases (13, 14).

These two important cytokines IL-17A and IFN-γ, also play important roles in allergic diseases. IL-17A can regulate various cytokines and induce allergen-specific Th2 cell activation, eosinophil and neutrophil accumulation, and serum IgE production (15). Previous studies have found that due to its key role in barrier immunity and its synergistic effects with other cytokines, such as TNF-α, IFN-γ, and IL-1, IL-17 plays an important role in many skin diseases (16), allergic diseases such as allergic rhinitis (17) and asthma (18), and inflammatory bowel disease (19, 20). IFN-γ, a pleiotropic cytokine, is a major proinflammatory cytokine that regulates CD8+ T-cell proliferation after antigen exposure (21) and affects the maturation, differentiation and antigen processing and presentation of dendritic cells (DCs), which promote B-cell division during the early proliferative response following primary antigen exposure (22). Given its crucial role in modulating innate and adaptive immunity, it is not surprising that IFN-γ regulates the development of allergic diseases (23), autoimmune diseases such as systemic lupus erythematosus (SLE) (24) and endothelial system diseases (25).

FA is mainly caused by the entry of food allergens into the gastrointestinal tract. However, few studies have directly evaluated the relationship between the immune environment of the human gastrointestinal mucosa and FA. The oral cavity is the starting point of the gastrointestinal mucosal system, containing antigen-presenting cells, lymphocytes, and related lymphatic structures (26), and saliva, as an important part of the oral mucosal environment (27), serves as a rich source of information for studying the relationship between the gastrointestinal mucosal system environment and FA (27). Pajno GB et al. (28) reported that although sublingual immunotherapy (SLIT) and epidermal immunotherapy (EPIT) have fewer side effects (allergic reactions and eosinophilic esophagitis) than oral immunotherapy (OIT), the desensitization effect of OIT was better than that of the first two.

Our study analyzed the levels of IL-17A and IFN-γ in the saliva of children with FA using a case–control study with age- and sex-matched groups to enhance FA mechanism research and highlight the need for early screening and evaluation of immunotherapy effects on FA.




2 Materials and methods



2.1 Cases and controls

The study protocol was approved by the Ethics Committee of the Capital Institute of Pediatrics (Approval No. SHERLLM2022017). The guardians of the study subjects read and signed an informed consent form for inclusion in the study. Written informed consent was obtained from the individuals’ legal guardian for the publication of any potentially identifiable images or data included in this article. A total of 20 pairs of children were included. Each pair of children contained one child with FAs and a healthy child.

Subjects with FA were recruited from patients who were admitted to the Allergy Department and Dermatology Department of the Capital Institute of Pediatrics (Beijing, China) from September 15, 2022, to March 31, 2023. Healthy controls were recruited from the children of employees. This study employed a 1:1 matched design, with the participants being matched for sex and age.

The diagnostic criteria for FA in children were as follows: 1) a history of illness and exposure to allergenic food, such as eggs, milk, or shrimp; 2) symptoms of FA, consisting of oral contact urticaria (i.e., immediate swelling and itching of the oral mucosa), skin symptoms related to FA (such as itching or redness), or suspected gastrointestinal symptoms related to FA (such as diarrhea, bloody stools, vomiting, abdominal pain, bloating, or reflux) after contact with allergenic foods; and 3) positive skin prick test (SPT) results or food-specific IgE antibodies. Individuals who met the first two criteria underwent the SPT or IgE testing with the consent of their guardians, and those who had a positive result on either test were included in the FA group.

The SPT was completed by trained medical staff. Skin pricks were made on the palmar side of the left forearm. The substances applied in the SPT included the following: (1) histamine (positive control solution); (2) physiological saline (negative control solution); and (3) egg, milk, fish and shrimp. All of the reagents in the SPT were from Xiehe Xinhualian Pharmaceutical Co., Ltd. The SPT was carried out according to the method recommended by expert consensus (29).

In the present study, the SPT results were judged based on a combination of European standards, namely, that a positive test was indicated when the largest diameter of the wheal of each particular test was >3 mm (30), and the domestic expert consensus on skin prick experiments (2020) (29). The criterion for judging skin pricks by the domestic expert consensus (31) was the ratio of the wheal area of the allergen to that of histamine (positive control solution) as follows: (-), no reaction or the same as the negative control; (+), more than 1/4 of the area of the histamine wheal (positive control solution); (++), at least 1/2 the area of the positive control wheal; (+++), same area as the positive control wheal; (++++), more than 2 times the area of the positive control wheal. Only participants who met the two criteria were included as FA subjects. Serum levels of food-specific IgE antibodies and corresponding reagents for the specific IgEs were measured with a Thermo Scientific Phadia 250 instrument according to the standard operating procedures for the machine and reagents.

The levels of specific IgEs were scored as follows: 0: less than 0.35 IU/ml; 1: 0.35-0.70 IU/ml; 2: 0.70-3.5 IU/ml; 3: 3.5-17.5 IU/ml; 4: 17.5-50 IU/ml; 5: 50-100 IU/ml; and 6: >100 IU/ml.

The healthy controls were recruited from the children of employees at the Capital Institute of Pediatrics and matched with cases based on age and sex. The inclusion criteria for the control children were as follows: 1) the children had no previous or current history of FA; 2) based on physical examination of the children and questions posed to the guardians by members of the research group, the children did not suffer from any systemic disease at the time of screening or in the past; and 3) the children were not suffering from infectious diseases, such as cold or flu.




2.2 Saliva collection

Saliva specimens (1 ml) were collected by the doctor or guardian after the children drank water or rinsed their mouths for 15 minutes. For sample collection, the older children spat saliva into an Eppendorf tube on their own under the supervision of a doctor. For younger children who would not spit saliva into the tubes on their own, the doctor or guardian used a small, sterilized pipette (capacity 3 ml) to collect saliva by aspiration. Each saliva sample was stored at -80°C until the day of cytokine testing.




2.3 IL-17A and IFN-γ detection

On the day of detecting IL-17A and IFN-γ, all 40 saliva samples were simultaneously removed from the -80°C refrigerator to the refrigerator compartment for thawing. IL-17A and IFN-γ were analyzed with a Luminex 200 instrument at the Experimental Center of Capital Institute of Pediatrics, and the reagent was obtained from the MILLIPLEX Cytokine Detection Kit (product number HCYTOMAG-60K); the analysis was performed according to the instructions for the machine and detection kit. Double well tests on each sample were conducted, and the final test results of IL-17A and IFN-γ were taken as the average of the two test results. Flow diagram of the method was showed in Figure 1.




Figure 1 | Flow diagram of the method.






2.4 Statistical analysis

All analyses were performed with SPSS statistical software version 20.0 (SPSS, Inc.). Descriptive statistics were used to describe the characteristics of the study population, including the number and percent of participants per sex or age category. This study used a case–control design, with participants matched 1:1 for sex and age, to explore whether the levels of IL-17A and IFN-γ in saliva differed between the FA group and the healthy group and the difference in the concentrations of IL-17A and IFN-γ between children with FA and healthy children. A general linear model was used with IL-17A and IFN-γ as dependent variables and group (FA or healthy) and pair (each of the 20 matched pairs) as fixed factors. Pearson correlation analysis was used to analyze the linear correlation between IL-17A and IFN-γ. A p value of < 0.05 indicated statistical significance.





3 Results



3.1 Participant characteristics

This study included 20 pairs, each consisting of a child with FA and a healthy control. There were 10 pairs of boys and 10 pairs of girls, ranging in age from 6 months to 13 years. The sex and age distributions of the participants are shown in Table 1.


Table 1 | Characteristics of the research subjects.



Among the children with FA included in the study, two had a history of fish and shrimp allergies, four had a history of egg and milk allergies, and the remaining 14 had a history of egg allergies. Among these children, 16 had allergic symptoms such as rash, one had vomiting and diarrhea, two had urticaria, and one had rash and asthma. Fourteen children underwent the SPT, with 10 children receiving (++) results and four children receiving (+++) results. Six children underwent specific IgE testing, with results ranging from 1.50 to 35.0 IU/ml.




3.2 Distribution of cytokine levels between children with FAs and healthy controls

Within all matched pairs of children, the concentrations of IL-17A and IFN-γ were higher in the children with FAs than in healthy children, as shown in Figure 2.




Figure 2 | Distribution of IL-17A and IFN-γ in normal and allergic children. (A) The IL-17A levels of every pair were higher in allergic children than in normal children. (B) The IFN-γ levels of every pair were higher in allergic children than in normal children. *P<0.05.



The distributions of IL-17A and IFN-γ significantly differed between healthy controls and children with FAs, as shown by significant main effects (p < 0.05) in the general linear model (Table 2).


Table 2 | Levels of IL-17A and IFN-γ in the saliva of matched healthy and allergic children: main effects in the general linear model.



Moreover, the marginal mean level of IL-17A (0.97 ± 0.09 pg/ml) in the FA group was higher than that in the healthy group (0.69 ± 0.09 pg/ml). The marginal mean IFN-γ level (3.0 ± 0.43 pg/ml) in the FA group was higher than that in the healthy group (1.38 ± 0.43 pg/ml) (p<0.05). The power values of the tests for the differences in IL-17A and IFN-γ between the allergic and healthy groups were 71.3% and 59%, respectively, as shown in Table 3.


Table 3 | Comparison of IL-17A and IFN-γ between children with FA and healthy controls by general linear model analysis.






3.3 Correlation of IL-17A and IFN-γ

As shown in Table 4 and Figure 3, IL-17A was positively correlated with IFN-γ in children with FAs (r=0.79) and in healthy children (r=0.98) at p < 0.05.


Table 4 | Correlation between IL-17 and IFN-γ.






Figure 3 | Scatter plots of IL-17A and IFN-γ in children with FA, healthy children and all participants. (A) IL-17A was correlated with IFN-γ in children with FA. (B) IL-17A was correlated with IFN-γ in healthy children. (C) IL-17A was correlated with IFN-γ in all participants. *P<0.05.







4 Discussion

The present study compared the levels of IL-17A and IFN-γ in the saliva of children with FAs and healthy children using an age- and sex-matched design, and the levels of salivary IL-17A and IFN-γ were higher in the FA group than in the healthy control group.

IL-17A belongs to the IL-17 family, which includes structurally similar cytokines named A to F. IL-17A plays an important regulatory role in the immune response of the body (32). Recent studies have found that in addition to Th17 cells, which secrete IL-17A, follicular helper T cells (Tfhs), specific cytotoxic T lymphocytes (CTLs), natural killer T (NKT) cells, lymphoid tissue inducer (LTi) cells, regulatory T cells (Tregs), gamma-delta (γδ) T cells, and innate lymphoid cells (ILCs) can also secrete this interleukin (32). IL-17A can induce allergen-specific Th2 cell activation and eosinophil and neutrophil accumulation (16), has synergistic effects with other cytokines, such as TNF-α, IFN-γ, andIL-1, and plays a key role in barrier immunity and allergic diseases (17, 19).A study conducted by Magdalena Żbikowska-Gotz found that during the period of obvious clinical symptoms in FA patients, the levels of IL-17A in their blood were significantly higher than those in healthy controls (33). Moreover, the relationship between serum IL-17A levels and other allergic diseases, such as asthma, allergic rhinitis (AR), and atopic dermatitis (AD), has been shown (34, 35). However, to our knowledge, no studies have reported a relationship between salivary IL-17A levels and FA.

IFN-γ is a cytokine with multiple functions, including antiviral, antitumor, and immunomodulatory functions (31). It plays a considerable role in coordinating innate and adaptive immune responses (36). FA represents a failure to induce immune tolerance, characterized by immune deviation from the Th2 cytokine pattern and delayed maturation of Th1 cells. Although IFN-γ is secreted by Th1 cells, and Paajanen L (37) found increased IFN-γ secretion in the duodenum of children with delayed-type cow’s milk allergy (CMA), which was consistent with a study by Veres et al. (38), in which children with untreated delayed-type CMA and/or cereal grain allergies had elevated densities of IFN-γ cells and a high expression level of IFN-γ mRNA in the duodenum. In our study, we found that the level of IFN-γ in the saliva of children with FA was higher than that of healthy children. This finding led us to investigate why the levels of IFN-γ were higher in FA colon tissue and saliva than in healthy tissue, which is different from the current theoretical reasoning regarding FAs. One possibility may be related to the dual effects of IFN-γ; although IFN-γ can activate immune responses to eliminate viruses in inflammatory environments, it can also prevent immune overreaction and tissue damage (39, 40). The relationship of IFN-γ with FA and its role in FA need to be further studied.

Another possible explanation is related to Th17/Th1 cells. To our knowledge, there is currently no research on the relationship between Th17/Th1 cells and FA. However, Th17 cells are abundant in mucosal tissue (9, 41) and play an important role in coordinating mucosal inflammation and tolerance as well as balancing mucosal repair and healing (9, 41). Moreover, an increasing number of studies have found that Th17 cells have high variability and can transform into Th17/Th1 cells based on the surrounding inflammatory environment (9, 41). Th17/Th1 cells can secrete both IL-17A and IFN-γ as potentially pathogenic Th17 cells (41, 42). An increasing number of studies have revealed the clinical relevance of Th17/Th1 cells and IL-17A and IFN-γ in patients with immune diseases such as autoimmune diseases (43, 44) and many other intestinal immune diseases (12–15). Given the results of the present study, whether the elevated levels of IFN-γ and IL-17A in saliva are related to Th17/Th1 cells and whether Th17/Th1 cells contribute to FA require further study.

The first limitation of our study was that because of the sex- and age-matched case–control design, it was difficult to recruit eligible participants, leading to a small sample size and fewer pairs at different ages, which may be result in significant differences between different pairs. Second, of the 20 FA children included in this study, two children were allergic to fish and shrimp, three children were allergic to both eggs and milk, and the remaining children were allergic to eggs. Therefore, it is necessary to increase the sample size to explore the relationship between other types of allergies and IFN-γ and IL-17A levels in saliva. Although the result of the general linear model showed that the observed power was high, further study is needed to explore the alteration of salivary IL-17A and IFN-γ levels in patients with FA. Moreover, the present study used a case–control design and determined only that the salivary levels of IL-17A and IFN-γ were higher in children with FAs than in healthy children. Further study is necessary regarding the important potential roles of these two cytokines in the diagnosis and treatment of FA.

To our knowledge, there is currently a limited amount of research on the relationship between salivary IL-17A and IFN-γ in patients with FA diseases. Cytokines are the main signaling molecules that coordinate the functions of numerous immune cells and produce overall effects. Cytokines usually act on nearby target cells in autocrine or paracrine manners, so cytokines mainly exert their effects locally. IL-17A and IFN-γ can act on many cytokines and play an important role in the occurrence and development of allergic diseases. The oral cavity is the starting point of the gastrointestinal immune system, and saliva can serve as a crucial source of information regarding the gastrointestinal immune environment. Therefore, our study examined the relationship of salivary IL-17A and IFN-γ levels with FA in children using a sex- and age-matched case–control design and found that the levels of salivary IL-17A and IFN-γ were higher in the FA group than in the healthy control group. The results of the present study may provide a foundation for research on new methods of diagnosing FA and evaluating the effectiveness of treatment and suggest new areas of research on the mechanism of FA.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by the Ethics Committee of the Capital Institute of Pediatrics (Approval No. SHERLLM2022017). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the individual(s) and/or minor(s)’ legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.





Author contributions

All authors meet the authorship requirements. Conception and design: YY, SO, QL, TZ, CL and YG. Development of methodology: YY, SO and WW. Data collection (collecting and managing patients): YY, YD, SX, SW, YG and CL. Data analysis and interpretation (such as statistical analysis and computational analysis): YY, SO and MZ. Writing, review, and/or revision of the manuscript: YY, SO, QL, YD, SQ, MZ, TZ, and YG. Research supervision and guidance: TZ, YG, and CL. All authors contributed to the article and approved the submitted version.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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.





References

1. Boyce, JA, Assa’ad, A, Burks, AW, Jones, SM, Sampson, HA, Wood, RA, et al. Guidelines for the diagnosis and management of food allergy in the United States: summary of the NIAID-sponsored expert panel report. Nutr Res (2011) 31(1):61–75. doi: 10.1016/j.nutres.2011.01.001

2. Sicherer, SH, and Sampson, HA. Food allergy: A review and update on epidemiology, pathogenesis, diagnosis, prevention, and management. J Allergy Clin Immunol (2018) 141(1):41–58. doi: 10.1016/j.jaci.2017.11.003

3. Mendonca, CE, and Andreae, DA. Food allergy. Prim Care (2023) 50(2):205–20. doi: 10.1016/j.pop.2023.01.002

4. Bao, K, and Reinhardt, RL. The differential expression of IL-4 and IL-13 and its impact on type-2 immunity. Cytokine (2015) 75(1):25–37. doi: 10.1016/j.cyto.2015.05.008

5. Bohle, B. T lymphocytes and food allergy. Mol Nutr Food Res (2004) 48(6):424–33. doi: 10.1002/mnfr.200400003

6. Satitsuksanoa, P, Jansen, K, Głobińska, A, van de Veen, W, and Akdis, M. Regulatory immune mechanisms in tolerance to food allergy. Front Immunol (2018) 9:2939. doi: 10.3389/fimmu.2018.02939

7. Gu, ZW, Wang, YX, and Cao, ZW. Neutralization of interleukin-17 suppresses allergic rhinitis symptoms by downregulating Th2 and Th17 responses and upregulating the Treg response. Oncotarget (2017) 8(14):22361–9. doi: 10.18632/oncotarget.15652

8. Wang, SB, Deng, YQ, Ren, J, Xiao, BK, Liu, Z, and Tao, ZZ. Exogenous interleukin-10 alleviates allergic inflammation but inhibits local interleukin-10 expression in a mouse allergic rhinitis model. BMC Immunol (2014) 15:9. doi: 10.1186/1471-2172-15-9

9. Weaver, CT, Elson, CO, Fouser, LA, and Kolls, JK. The Th17 pathway and inflammatory diseases of the intestines, lungs, and skin. Annu Rev Pathol (2013) 8:477–512. doi: 10.1146/annurev-pathol-011110-130318

10. Brockmann, L, Giannou, AD, Gagliani, N, and Huber, S. Regulation of TH17 cells and associated cytokines in wound healing, tissue regeneration, and carcinogenesis. Int J Mol Sci (2017) 18(5):1033. doi: 10.3390/ijms18051033

11. Hovhannisyan, Z, Treatman, J, Littman, DR, and Mayer, L. Characterization of interleukin-17-producing regulatory T cells in inflamed intestinal mucosa from patients with inflammatory bowel diseases. Gastroenterology (2011) 140(3):957–65. doi: 10.1053/j.gastro.2010.12.002

12. Ueno, A, Jijon, H, Chan, R, Ford, K, Hirota, C, Kaplan, GG, et al. Increased prevalence of circulating novel IL-17 secreting Foxp3 expressing CD4+ T cells and defective suppressive function of circulating Foxp3+ regulatory cells support plasticity between Th17 and regulatory T cells in inflammatory bowel disease patients. Inflamm Bowel Dis (2013) 19(12):2522–34. doi: 10.1097/MIB.0b013e3182a85709

13. Hu, D, Notarbartolo, S, Croonenborghs, T, Patel, B, Cialic, R, Yang, TH, et al. Transcriptional signature of human pro-inflammatory TH17 cells identifies reduced IL10 gene expression in multiple sclerosis. Nat Commun (2017) 8(1):1600. doi: 10.1038/s41467-017-01571-8

14. Martin-Orozco, N, Chung, Y, Chang, SH, Wang, YH, and Dong, C. Th17 cells promote pancreatic inflammation but only induce diabetes efficiently in lymphopenic hosts after conversion into Th1 cells. Eur J Immunol (2009) 39(1):216–24. doi: 10.1002/eji.200838475

15. Maggi, L, Santarlasci, V, Capone, M, Rossi, MC, Querci, V, Mazzoni, A, et al. Distinctive features of classic and nonclassic (Th17 derived) human Th1 cells. Eur J Immunol (2012) 42(12):3180–8. doi: 10.1002/eji.201242648

16. Solimani, F, Pollmann, R, Schmidt, T, Schmidt, A, Zheng, X, Savai, R, et al. Therapeutic targeting of th17/tc17 cells leads to clinical improvement of lichen planus. Front Immunol (2019) 10:1808. doi: 10.3389/fimmu.2019.01808

17. Makihara, S, Okano, M, Fujiwara, T, Noda, Y, Higaki, T, Miyateke, T, et al. Local expression of interleukin-17a is correlated with nasal eosinophilia and clinical severity in allergic rhinitis. Allergy Rhinol (Providence) (2014) 5(1):22–7. doi: 10.2500/ar.2014.5.0078

18. Wilson, RH, Whitehead, GS, Nakano, H, Free, ME, Kolls, JK, and Cook, DN. Allergic sensitization through the airway primes Th17-dependent neutrophilia and airway hyperresponsiveness. Am J Respir Crit Care Med (2009) 180(8):720–30. doi: 10.1164/rccm.200904-0573OC

19. Jiang, W, Su, J, Zhang, X, Cheng, X, Zhou, J, Shi, R, et al. Elevated levels of Th17 cells and Th17-related cytokines are associated with disease activity in patients with inflammatory bowel disease. Inflamm Res (2014) 63(11):943–50. doi: 10.1007/s00011-014-0768-7

20. Ueno, A, Jeffery, L, Kobayashi, T, Hibi, T, Ghosh, S, and Jijon, H. Th17 plasticity and its relevance to inflammatory bowel disease. J Autoimmun (2018) 87:38–49. doi: 10.1016/j.jaut.2017.12.004

21. Haring, JS, Corbin, GA, and Harty, JT. Dynamic regulation of IFN-gamma signaling in antigen-specific CD8+ T cells responding to infection. J Immunol (2005) 174(11):6791–802. doi: 10.4049/jimmunol.174.11.6791

22. Haas, C, Ryffel, B, Aguet, M, and Le Hir, M. MHC antigens in interferon gamma (IFN gamma) receptor deficient mice: IFN gamma-dependent up-regulation of MHC class II in renal tubules. Kidney Int (1995) 48(6):1721–7. doi: 10.1038/ki.1995.470

23. Teixeira, LK, Fonseca, BP, Barboza, BA, and Viola, JP. The role of interferon-gamma on immune and allergic responses. Mem Inst Oswaldo Cruz (2005) 100 Suppl 1:137–44. doi: 10.1590/s0074-02762005000900024

24. Liu, W, Zhang, S, and Wang, J. IFN-γ, should not be ignored in SLE. Front Immunol (2022) 13:954706. doi: 10.3389/fimmu.2022.954706

25. Ng, CT, Fong, LY, and Abdullah, MNH. Interferon-gamma (IFN-γ): Reviewing its mechanisms and signaling pathways on the regulation of endothelial barrier function. Cytokine (2023) 166:156208. doi: 10.1016/j.cyto.2023.156208

26. Allam, JP, Duan, Y, Winter, J, Stojanovski, G, Fronhoffs, F, Wenghoefer, M, et al. Tolerogenic T cells, Th1/Th17 cytokines and TLR2/TLR4 expressing dendritic cells predominate the microenvironment within distinct oral mucosal sites. Allergy (2011) 66:532–9. doi: 10.1111/j.1398-9995.2010.02510.x

27. Ho, HE, Chun, Y, Jeong, S, Jumreornvong, O, SH, S, and Bunyavanich, S. Multidimensional study of the oral microbiome, metabolite, and immunologic environment in peanut allergy. J Allergy Clin Immunol (2021) 148(2):627–632.e3. doi: 10.1016/j.jaci.2021.03.028

28. Pajno, GB, Castagnoli, R, Muraro, A, Alvaro-Lozano, M, Akdis, CA, Akdis, M, et al. Allergen immunotherapy for IgE-mediated food allergy: There is a measure in everything to a proper proportion of therapy. Pediatr Allergy Immunol (2019) 30(4):415–22. doi: 10.1111/pai.13042

29. Beijing Medical Association. The expert consensus on allergen skin prick test Beijing Medical Association. Beijing Med (2020) 42(10):1–20.

30. Heinzerling, L, Mari, A, Bergmann, KC, Bresciani, M, Burbach, G, Darsow, U, et al. The skin prick test - European standards. Clin Transl Allergy (2013) 3(1):3. doi: 10.1186/2045-7022-3-3

31. Burke, JD, and Young, HA. IFN-γ: A cytokine at the right time, is in the right place. Semin Immunol (2019) 43:101280. doi: 10.1016/j.smim.2019.05.002

32. Cua, DJ, and Tato, CM. Innate IL-17-producing cells: the sentinels of the immune system. Nat Rev Immunol (2010) 10(7):479–89. doi: 10.1038/nri2800

33. Żbikowska-Gotz, M, Pałgan, K, Gawrońska-Ukleja, E, Kuźmiński, A, Przybyszewski, M, Socha, E, et al. Expression of IL-17A concentration and effector functions of peripheral blood neutrophils in food allergy hypersensitivity patients. Int J Immunopathol Pharmacol (2016) 29(1):90–8. doi: 10.1177/0394632015617069

34. Nembrini, C, Marsland, BJ, and Kopf, M. IL-17-producing T cells in lung immunity and inflammation. J Allergy Clin Immunol (2009) 123(5):986–94. doi: 10.1016/j.jaci.2009.03.033

35. Ramirez-Velazquez, C, Castillo, EC, Guido-Bayardo, L, and Ortiz-Navarrete, V. IL-17-producing peripheral blood CD177+ neutrophils increase in allergic asthmatic subjects. Allergy Asthma Clin Immunol (2013) 9(1):23. doi: 10.1186/1710-1492-9-23

36. Mendoza, JL, Escalante, NK, Jude, KM, Sotolongo Bellon, J, Su, L, Horton, TM, et al. Structure of the IFNγ receptor complex guides design of biased agonists. Nature (2019) 567(7746):56–60. doi: 10.1038/s41586-019-0988-7

37. Paajanen, L, Vaarala, O, Karttunen, R, Tuure, T, Korpela, R, and Kokkonen, J. Increased IFN-gamma secretion from duodenal biopsy samples in delayed-type cow’s milk allergy. Pediatr Allergy Immunol (2005) 16(5):439–44. doi: 10.1111/j.1399-3038.2005.00312.x

38. Veres, G, Westerholm-Ormio, M, Kokkonen, J, Arato, A, and Savilahti, E. Cytokines and adhesion molecules in duodenal mucosa of children with delayed-type food allergy. J Pediatr Gastroenterol Nutr (2003) 37(1):27–34. doi: 10.1097/00005176-200307000-00005

39. Zhang, J. Yin and yang interplay of IFN-gamma in inflammation and autoimmune disease. J Clin Invest (2007) 117(4):871–3. doi: 10.1172/JCI31860

40. Ivashkiv, LB. IFNγ: signalling, epigenetics and roles in immunity, metabolism, disease and cancer immunotherapy. Nat Rev Immunol (2018) 18(9):545–58. doi: 10.1038/s41577-018-0029-z

41. Lee, Y, Awasthi, A, Yosef, N, Quintana, FJ, Xiao, S, Peters, A, et al. Induction and molecular signature of pathogenic TH17 cells. Nat Immunol (2012) 13(10):991–9. doi: 10.1038/ni.2416

42. Xu, W, Li, R, and Sun, Y. Increased IFN-γ-producing Th17/Th1 cells and their association with lung function and current smoking status in patients with chronic obstructive pulmonary disease. BMC Pulm Med (2019) 19(1):137. doi: 10.1186/s12890-019-0899-2

43. Zhang, Y, Luo, J, Wu, H, Wang, H, and Sun, X. Changes in T-cell subsets and serum IFN-γ, IL-17, and igE levels in children with respiratory syncytial virus capillary bronchitis and their clinical significance. Dis Markers (2022) 2022:2549845. doi: 10.1155/2022/2549845

44. Harbour, SN, Maynard, CL, Zindl, CL, Schoeb, TR, and Weaver, CT. Th17 cells give rise to Th1 cells that are required for the pathogenesis of colitis. Proc Natl Acad Sci USA (2015) 112(22):7061–6. doi: 10.1073/pnas.1415675112




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 © 2023 Yin, Ouyang, Li, Du, Xiong, Zhang, Wang, Zhang, Liu and Gao. 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.


OEBPS/Images/fimmu-14-1232187-g002.jpg
IL-17A(pg/ml)

group*

— food allergy
~—normal

LI B B B e e S B B B
2345678 91011121314151617181920

pair

IFN--gamma(pg/ml)

12.00

9.00

6.00

3.00

00

group™

12345678091011121314151617181920

pair






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Salivary interleukin-17A and interferon-γ levels are elevated in children with food allergies in China

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Cases and controls

          



          		

            2.2 Saliva collection

          



          		

            2.3 IL-17A and IFN-γ detection

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Participant characteristics

          



          		

            3.2 Distribution of cytokine levels between children with FAs and healthy controls

          



          		

            3.3 Correlation of IL-17A and IFN-γ

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
ype Il sum of squares F
Group IL-17A (pg/ml) 078 1 532 <0.05
IEN-y (pg/ml) 26.07 1 7.06 <0.05






OEBPS/Images/table4.jpg
FA group 20 0.79 <0.05

Healthy 20 0.98 <0.05

Total 40 0.86 <0.05






OEBPS/Images/fimmu-14-1232187-g003.jpg
>

IL-T7A(pg/ml)

00

200 4.00 6.00 8.00 10.00
IFN-gamma (pg/ml)

IL-17A(pg/ml)

00 2.00 4.00 6.00 800 10.0012.00

IFN-gamma(pg/ml)

IL-17A(pg/ml)

2.00 400 6.00 8.00 10.00 12.00

IFN-gamma(pg/ml)





OEBPS/Images/table3.jpg
FA g

p Healthy F Observed power
IEN-Y (pg/ml) 097 +0.09 0.69 + 0.09 7.06 <0.05 713%

IL-17A (pg/ml) 3.00 +0.43 1.38 + 043 532 <0.05 59%





OEBPS/Images/fimmu.2023.1232187_cover.jpg
’ frontiers l Frontiers in Immunology

Salivary interleukin-17A and interferon-y
levels are elevated in children with food
allergies in China





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1232187-g001.jpg
Subjects with FA were recruited from patients admitted to the Allergy Department and

Dermatology Department of the Capital Institute of Pediatrics

a history of illness and exposure to allergenic

food. such as eggs. milk, or shrimp 1-2 days ago

symptoms of FA during medical treatment

IgE antibodies during medical treatment

positive Skin prick test results or food-specific

preliminary inclusion of 40 food allergy patients

inclusion

signed an informed consent form for |

10 refused to sign the informed consent form and excluded

30 Eligible FA invited to participate

!

criteria

“The healthy controls were recruited from the children of employees and met the inclusion

Survey of information on food allergy

history and related diseases

signed an informed consent form

matched with cases based on age and sex

20 eligible healthy controls invited to study

Saliva collection and stored
in a refiigerator at -80 © C

for cytokine testing.

Saliva collection and stored in
a refrigerator at 80 ° C for

cytokine testing.

40 saliva samples simultancously

for thawing

IL-17A and ifir were detected
immediately after thawing. Conducted
double sample testing of each of saliva

samples and took the a

erage value

took as the final result.






OEBPS/Images/table1.jpg
Percent(%)

Sex ‘

| boy 20 50

girl 20 50
Age in months ‘

6 2 5.0
14 2 5.0
22 2 5.0
30 2 5.0
36 2 5.0
41 3 7.5
12 4 10.0
19 2 5.0
50 6 15.0
60 2 5.0
61 2 5.0
62 2 5.0
64 7 2 7 5.0
97 4 10.0
144 2 25
156 2 5.0





