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Autoimmune uveitis is characterized by immune disorders of the eyes and the whole body and is often recurrent in young adults, but its pathogenesis is still unclear. IL-35 is an essential regulatory factor in many autoimmune diseases, which is produced by Breg cells and can induce Breg cells to regulate the immune response. The relationship between the expression and gene polymorphism of IL-35 and the immune status of patients with autoimmune uveitis has not been reported. The peripheral blood of the subjects was collected from patients with Behçet’s Disease (BD) and those with Vogt–Koyanagi–Harada (VKH) syndrome. The percentage of immune cell subsets including B cells, DC, and T cells, and the expression of IL-35 in serum of these two kinds of disease were analyzed. And then, the associations between seven IL-35 single nucleotide polymorphism (SNP) sites and disease susceptibility, the immune status, the clinical characteristics, and the serum IL-35 levels were analyzed. Our results showed that the percentage of Breg cells was significantly decreased in the blood of patients with VKH syndrome compared to that of healthy controls. The levels of IL-35 in the serum of patients with VKH syndrome or BD patients were not changed significantly, compared to that of healthy controls. Furthermore, the associations between two subunits of IL-35 (IL-12p35 and EBI3) and BD or VKH patients were analyzed. We found that there was an association between the EBI3 rs428253 and the occurrence of BD. There was an association between the IL-12p35 rs2243131 and the low level of Breg cell of VKH patients. In addition, there were associations between the polymorphisms of EBI3 rs4740 and the occurrence of headache and tinnitus of VKH patients, respectively. And the genotype frequency of IL-12p35 rs2243115 was related to the concentration of serum IL-35 in patients with VKH syndrome. Thus, the specific SNP sites change of IL-35 were correlated to the immune disorders in uveitis. And they may also play a guiding role in the occurrence of clinical symptoms in patients with uveitis, especially for VKH syndrome.
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Introduction

Uveitis is an autoimmune inflammatory disease that severely impairs visual function (1). Behçet’s disease (BD) and Vogt–Koyanagi–Harada (VKH) syndrome are common types of diffuse panuveitis. They usually manifest as chronic and recurrent, which affects multiple organs and systems (2–5). And in the early stage, BD patients often take dental ulcer and ophthalmia as their initial symptoms, while VKH patients are usually accompanied by headache, hearing loss, alopecia, and so on (6, 7). The disorder of the immune system is a key factor for the recurrence of the disease and visual impairment (8–10). However, the cause of the disease is not clear. It had been reported that abnormal autoreactive B cells, activated DC cells, and activated T cells increase in autoimmune uveitis (AIU), and the ratio of T helper type 17 (Th17)/regulatory T cell (Treg) cell was also increased (11, 12). Lacking immunosuppressive molecules or regulatory cells may be the cause of immune over-activation. In experimental autoimmune uveitis (EAU), regulatory B (Breg) cells secreting IL-35 suppress intraocular inflammation by inducing expansion of  IL-10-producing and IL-35-producing regulatory B (Breg) and regulatory T (Treg) cells. These indicate that Breg cells orchestrate an immunosuppressive milieu in autoimmune diseases (13, 14). Yet, the statuses of Breg cells in patients with uveitis have not been thoroughly investigated, and the possible factors affecting the Breg cells in uveitis might be an important pathogenic factor for this disease.

Breg cells is a class of B cell subsets with a negative regulatory immune response (15). It had been found that Breg cells can exert their inhibitory effects with different mechanisms in different mice models of autoimmune diseases (16), such as experimental autoimmune encephalomyelitis (EAE), systemic lupus erythematosus (SLE), and uveitis (13, 17, 18). Emerging evidence suggests a potent regulatory function of IL-35 and IL-10 in orchestrating autoreactive Breg cells responses and reveals significantly impaired IL-10/IL-35-producing capacity in Breg cells upon autoimmune disease progression (15, 19). As a member of the IL-12 family, IL-35 comprises two subunits: IL-12p35 and EBI3 (20, 21). IL-12p35 induces Breg cells to secrete IL-10/IL-35, promote Breg cells expansion, stimulate Treg effects, and induce immune tolerance (13, 14). Although IL-35 participates in the proliferation and expansion of Breg cells, it also can effectively alleviate and inhibit the development of autoimmune diseases (22, 23). As previously mentioned, IL-35 induces the expression of IL-10+/IL-35+ Breg, to alleviate EAU (14). However, the status of IL-35 in patients with uveitis is still not clear.

Studying genetic susceptibility is a hot issue to explore the pathogenesis of diseases in recent years (24–26). Some studies have confirmed that there were significant associations between the SNP sites (SNPs) of IL-35 and the occurrence of certain clinical manifestations in patients with autoimmune diseases, for example, IL-35 rs4740 with patients with SLE in the Chinese Han population (24). But it is not clear whether the SNPs of IL-35 are related to the occurrence of BD or VKH.

Therefore, in our study, we separately analyzed the clinical symptoms of patients with BD and those with VKH syndrome in the Chinese Han population and the correlation between IL-35 cytokine levels and these diseases. In addition, we focused on the relationship between the SNPs of IL-35 (including its subunits IL-12p35 and EBI3) and disease susceptibility, immune statuses with BD or VKH patients. Our results shown that there were associations between the polymorphisms of EBI3 rs4740 and the occurrence of headache and tinnitus of VKH patients, respectively. The genotype frequency of IL-12p35 rs2243115 was related to the concentration of serum IL-35 in patients with VKH syndrome. In particular, the polymorphisms of IL-12p35 rs2243131 was related to Breg cells disorder in VKH patients. There was an association between EBI3 rs428253 and the occurrence of BD. Considering these, uveitis may result from the interaction of various factors between the genetic and immune environment, which may provide a new basis for its diagnosis and treatment.



Materials and Methods


Subjects

All subjects involved in our study have been recruited from the Shandong Eye Hospital and the Shandong Qilu Hospital Laboratory Department in 2020-2021, including 11 patients with BD, 21 patients with VKH syndrome, and 48 normal healthy people, all of whom were Chinese Han people. All patients with BD met the criteria established by the International Panel on BD (27, 28). All patients with VKH syndrome met the standard set by the international research group (29, 30). All patients were either not treated or stopped taking immunosuppressive drugs at least six months before blood samples were taken. Meanwhile, all healthy controls met the following inclusion criteria: no family history of BD syndrome; no family history of VKH syndrome, no history of autoimmune diseases and severe systemic diseases, no blood relationship with other subjects, and Chinese Han population. The informed consent of all participants was obtained, and the demographic data are consistent with the clinical characteristics. The eyes were analyzed by fundus photography and optical coherence tomography angiography (OCTA) to indicate any eyes lesions, OCTA was performed using AngioVue (Optovue, Fremont, California, USA).



Flow Cytometry

Two milliliters of heparinized venous blood were obtained from patients with uveitis and healthy controls. Human peripheral blood mononuclear cells (PBMCs) were collected at the buffy coat layer using a Human Ficoll-Hypaque (Pharmacia) gradient and then washed twice with phosphate-buffered saline (Genview, cat#: GS3101) to remove red blood cells. Phenotypic analysis of fresh PBMCs was conducted by flow cytometry. Fluorescent antibodies of human CD45 (clone 2D1), human CD3 (clone HIT3a), human CD4 (clone OKT4), human CD8 (clone OKT8), human CD19 (clone HIB19), human CD1d (clone 51.1), human CD5 (clone UCHT2), human CD56 (clone HCD56), human CD14 (clone S18004B), human CD11c (clone Bu15), human HLA-DR (clone L243) were obtained. Furthermore, we used flow cytometry to analyze the expression of immune cells in healthy controls and patients. These cells were tested by BD FACSverse (BD Biosciences, San Diego, CA, USA), including T cells (CD45+CD3+CD19−), B cells (CD45+CD3−CD19+), Breg cells (CD45+CD3−CD19+CD1d+CD5+), DC (CD3−CD19−

CD56−CD14−CD11c+HLA-DR+). The results were analyzed by Flowjo7.6. In addition, we also analyzed and compared the significant differences of Breg cells and DC between genotypes using the SPSS11.0 software.



SNP Selection and Genotyping

According to previous studies, we selected seven SNPs of IL-35 (including four SNPs of IL-12 p35 and three SNPs of EBI3), including IL-12 p35: rs2243123, rs2227314, rs2243131, rs2243115. EBI3: rs428253, rs9807813, and rs4740. The SNPs of the IL-35 encoding gene were synthesized by the Shanghai Biosune Biotechnology Company. The Hardy-Weinberg equilibrium (HWE) was used to calculate the consistency of all genotype frequencies with all expected control frequencies. Furthermore, information about the SNPs genotypes of IL-12 p35 and EBI3 genes is shown in Supplementary Table 1 (Table S1).



Enzyme-Linked Immunosorbent Assay

Two milliliters of heparinized venous blood were obtained from patients with uveitis and healthy controls, and their serum was collected after centrifugation by Microcentrifuge (M1324R, RWD LifescienceCo., Ltd, China) at 1500 rpm for 5 min. Subsequently, Human-IL-35 (Cusabio, Cat# CSB-E13126h) ELISA kits were used to evaluate the levels of IL-35 in human serum, according to the manufacturer’s instructions, and were tested using a microplate reader (Bio Tek, Synergy LX, USA). ELISA Calc and Prism 8.0 were used to analyze the concentration levels of IL-35 in the serum of all statisticians. And the concentration of IL-35 in the serum of all recruited subjects (80 cases in total) was analyzed using the SPSS11.0 software to count the mean ± SD.



Statistical Analysis

We used the Social Science Statistics Package (SPSS) v.11.0 for statistical analysis. The Shapiro–Wilk test was used to test the normality of the data, and the continuous data were described as the mean ± SD of the normally distributed data. The difference of continuous data was evaluated by a t-test and a one-way ANOVA test. The difference of categorical data is satisfied by the chi-squared test or Fisher’s exact test. The HWE was used to compare the observed genotype with the expected frequency. The case where the two-sided p-value is less than 0.05 is considered to be statistically significant.




Results


Characteristics, Clinical Features, and the Immune Status of the Population

The basic demographic characteristics of patients with BD and those with VKH syndrome are presented in Table S2. There were no significant differences in gender (BD: χ2 = 0.272, p = 0.602; VKH: χ2 = 0.052, p = 0.819) and age (BD: t = 0.028, p = 0.978; VKH: t = -1.358, p = 0.185) between patients with BD or VKH and healthy controls, shown in Table S2. The important clinical manifestations of 32 patients are shown: 90.9% of patients with BD had mouth ulcers, 57.14% of patients with VKH syndrome had headache, 47.62% of patients with VKH syndrome had tinnitus, and 47.42% had alopecia or gray hair (Table S2). In the acute phase, the ocular involvement of patients with BD is usually characterized by occlusive retinal vasculitis. The color fundus photograph exhibits perivenous white sheathing (Figure 1A). OCTA shows a wedge-shaped localized retinal nerve fiber layer micro-thinning in the superior macula and central foveal thinning (Figure 1B). Patients with acute VKH are associated with neurological panuveitis. The fundus photograph shows serious inflammatory infiltration and exudation, swollen optic disks, and unclear optic disk boundary (Figure 1C). OCTA shows the presence of subretinal fluid, with multifocal serous retinal detachments (SRDs) (Figure 1D).




Figure 1 | Fundus imaging and OCTA in patients with BD and VKH. (A) The color fundus photograph of a patient with BD shows perivenous white sheathing (white arrows). (B) OCTA of a patient with BD shows a wedge-shaped localized retinal nerve fiber layer micro-thinning (yellow arrows) in the superior macula and the papillomacular bundle, and the central foveal thinning (green arrows). (C) The fundus photograph of a patient with VKH syndrome shows swollen optic disks (white arrows), serous inflammatory infiltration and exudation (red arrows), and an unclear optic disk boundary. (D) OCTA of a patient with VKH syndrome shows the presence of subretinal fluid, with multifocal SRDs (yellow arrows).



The information about the immune statuses of patients with BD and VKH is provided in Table S3. Analysis of the patient’s PBMC immune cells showed that the percentage of DC (the reference range: 0.5%–2.5%) was increased in 36.36% of patients with BD and 38.09% of patients with VKH syndrome (Figure 2A). There were 18.18% of patients with BD and 14.28% of patients with VKH syndrome showing an increase in the percentage of T cells (the reference range: 60%–85%) (Figure 2B). In addition, we found that in 63.64% of patients with BD and 52.38% of patients with VKH syndrome, the percentage of Breg cells (the reference range: 0.8%–2.2%) was decreased (Figure 2C). Overall, in patients with BD or VKH, there were different degrees of immune disorders (Figure 2D). Notably, in our study, no matter whether they are patients with BD or those with VKH syndrome, the expression of Breg cells decreased, while the expression of the DC increased in PBMC, which may lead to an imbalance of immune response and inflammation in patients.




Figure 2 | Comparing the subsets of immune cells from the PBMC of the healthy control group and patients. (A) The percentage of DC cells in the PBMC of the healthy control group and patients (gate of CD45+ cells). Representative flow cytometry plot shows the percentage of CD45+CD3−CD19−CD56−CD14−CD11c+HLA-DR+ DC cells in the PBMC of the healthy control group (HC), in BD patient, and in VKH patient. (B) The percentage of T and B cells in the PBMC of the healthy control group and patients (gate of CD45+ cells). Representative flow cytometry plot shows the percentage of CD45+CD3+ T cells, CD45+CD3−CD19+B cells in the PBMC of HC, in BD patient, and in VKH patient. (C) The percentage of Breg cells (CD45+CD3+CD19+CD1d+CD5+ B cells) in the PBMC between the healthy control group and patients (gate of CD45+CD3+CD19+ B cells). Representative flow cytometry plot shows the percentage of CD45+CD3−CD19+ CD1d+CD5+ Breg cells in the PBMC of HC, BD patient, and in VKH patient. (D) The percentage of T cell, B cell, Breg cell and DC in PBMC of healthy control group and patients (*p<0.05; **p<0.01; ns, p>0.05).





The Serum Levels IL-35 in Patients With BD and VKH

The concentration of IL-35 in the serum of all recruited subjects was detected using the human ELISA kit. Compared to healthy controls, the serum IL-35 concentration of patients with BD (32.426 ± 85.294 pg/ml vs. 54.749 ± 65.583 pg/ml, p = 0.420) was not changed (Figure 3). And the serum IL-35 concentration of patients with VKH patients was not different from these of healthy controls (52.266 ± 183.383 pg/ml vs. 32.426 ± 85.294 pg/ml, p = 0.540) (Figure 3).




Figure 3 | The concentration of IL-35 in serum of the healthy control group and patients with BD or VKH (ns, p > 0.05).





Association of IL-35 Gene Polymorphisms With the Risk of Patients With BD and VKH

The allele and genotype frequencies of four SNPs of IL-12 p35 in patients with BD and those with VKH syndrome and healthy controls are presented in Tables 1, 2. There were no significant differences in allele and genotype frequencies of all genotypes IL-12 p35 SNPs (rs2243123, rs2227314, rs2243131, and rs2243115, p > 0.05) between patients with BD or VKH patients and healthy controls. However, we analyzed the allele and genotype frequencies of three SNPs of EBI3 (rs428253, rs9807813, and rs4740) in Tables 3, 4, found that the EBI3 rs428253 genotype CC showed a statistical difference between patients with BD and healthy controls (Table 3, p = 0.021), and the EBI3 rs428253 allele C/G also showed a statistical difference between patients with BD and healthy controls (Table 3, p = 0.034). But our results could not demonstrate a significant association between the rs9807813 and rs4740 allele and genotype frequencies between patients with BD or VKH, and healthy controls. Thus, there was a significant association between the polymorphism of rs428253 and susceptibility to BD disease in our study.


Table 1 | IL-12A genotypes and alleles frequencies of genotypes SNPs in BD and healthy controls.




Table 2 | IL-12A genotypes and alleles frequencies of genotypes SNPs in VKH and healthy controls.




Table 3 | EBI3 genotypes and alleles frequencies of genotypes SNPs in BD and healthy controls.




Table 4 | EBI3 genotypes and alleles frequencies of genotypes SNPs in VKH and healthy controls.





Association of IL-35 Gene Polymorphisms With the Immune Status of Patients With BD and VKH

The associations between allele and genotype frequencies of seven SNPs of IL-35 and the immune statuses of BD and VKH patients are detailed in Tables 5, S4–S9. There was a statistical difference in allele frequency of the IL-12 p35 rs2243131 between VKH patients with the Breg cell attenuated and those without (χ2 = 6.301, p = 0.018, Table 5). Although the overall percentage of DC cells in PBMC of BD and VKH patients were higher than the healthy controls. In our study, the SNPs of IL-35 were not related to the expression of DC cells. And there were no significant associations between genotype and allele frequencies of the other SNPs and the immune statuses (including T cell, B cell, the results not shown).


Table 5 | Associations of IL-12p35 (rs2243131) with immune states in BD or VKH patients.





Association of IL-35 Gene Polymorphisms With the Clinical Features of Patients With BD and VKH

The associations between allele and genotype frequencies of seven SNPs of IL-35 with the clinical features of patients with BD and VKH are provided in Tables 6, S10–S15. There was a statistical difference in allele frequency of the EBI3 rs4740 between VKH patients with headache and without it (χ2 = 7.291, p = 0.012, Table 6). And this allele gene frequency in patients with VKH syndrome was also a statistical difference between the tinnitus and those without (χ2 = 4.972, p = 0.033, Table 6). However, there were no significant associations between all genotype and allele frequencies of SNPs and the clinical features of patients with BD.


Table 6 | Associations of EBI3 (rs4740) with clinical manifestations in BD or VKH patients.





Association of Serum IL-35 Levels With IL-35 Genotypes of Patients With BD and VKH

We evaluated the association between serum levels and SNP of IL-35 in patients with BD and VKH (Tables 7, 8). The results revealed that there was an association between the frequency of the IL-12 p35 rs2243115 genotype and the human serum IL-35 levels in patients with VKH syndrome (χ2 = 7.291, p = 0.012, Table 8). The concentration of serum IL-35 in patients with VKH syndrome was no significantly different from that in healthy controls. There was no correlation between other SNPs and serum levels of IL-35.


Table 7 | Associations of serum IL-35 levels with IL-35 genotypes in BD patients.




Table 8 | Associations of serum IL-35 levels with IL-35 genotypes in VKH patients.






Discussion

The disorder of immune tolerance has been considered a vital cause for the pathogenesis of autoimmune diseases. Participation in the induction of immune tolerance and the loss of cells with negative immune-regulation functions are essential factors in the occurrence and development of AIU. Breg cells play a negative immune-regulation role in autoimmune diseases, the absence of Breg cells may be an essential reason for the occurrence of some diseases, and they are decreased and/or functionally impaired in these autoimmune diseases, including EAE, rheumatoid arthritis (RA), and SLE (13, 18). However, the status of Breg cells in patients with uveitis is still not known. Our study showed that the percentage of Breg cells is decreased in the blood, suggesting that the lack of negative immune-regulation of Breg cells may be an essential reason for the imbalance of immune response in uveitis. The decrease of Breg cells may contribute to the immune disorders and inflammation in uveitis.

There were no reports about the relationship between the SNPs of IL-35 and the pathogenesis of uveitis (31). We have analyzed the relationship between IL-35 gene SNPs and genetic susceptibility in the Chinese Han population with uveitis (mainly BD and VKH syndrome). Our results suggest that the IL-12 p35 rs2243131 A/C allele was related to the disorder of Breg cells in VKH patients, and IL-35 and its subunit IL-12p35 preferentially induced the expansion of Breg and Treg cells, inhibited the activation of DC, and inhibited the expansion of pathogenic Th17 and Th1 cells (13, 14, 32), to slow down the development of autoimmune diseases. Thus, the IL-12 p35 A/C allele mutation may be the key factor of Breg cells reduction in VKH patients. Additionally, there was no correlation between other immune cells and IL-35 gene polymorphism, but it cannot eliminate these sites associated with the function of immune cells.

VKH patients are usually with extra-ocular manifestations such as headache, hearing loss (7). In our study results, 57.14% of VKH patients had a headache, and 47.62% had tinnitus. And there was associations between the polymorphisms of the EBI3 rs4740 and the occurrence of headache or tinnitus in VKH patients. Previous studies reported that there were associations between EBI3 rs4740 polymorphism and SLE, UC (24, 33). Thus, the polymorphism of the EBI3 rs4740 may be correlated with the occurrence of autoimmune disease.

We also measured the concentration of IL-35 in the serum of all subjects. Compared with the healthy controls group, the concentration of serum IL-35 in patients with BD was not changed, which is different from the previous study about active BD or BD patients with only mucocutaneous involvement (34, 35), but is consistent with the result of BD patients with mucocutaneous manifestations plus ocular involvement. Moreover, the serum IL-35 concentration of VKH patients was not difference from these of healthy controls, which is consistent with the previous study about inactive VKH patients (36). Thus, the disease statuses, and ethnic differences of patients may be important factors for the level of IL-35. Moreover, IL-35 SNPs were associated with RA, type I diabetes, SLE, and other autoimmune diseases (24, 37, 38). Some studies have explored the relationship between IL-35 (including IL-12 p35 and EBI3) gene SNPs and susceptibility to autoimmune diseases. For instance, IL-12 p35 rs2243115 and rs568408 were novel genetic risk factors for Alzheimer’s disease in the Han Chinese population (39). IL-12 p35 rs2243115 was significantly related to the high RA disease risk in a Chinese population (37). EBI3 rs428253 had a related effect on Chinese Han patients with allergic rhinitis (40). EBI3 rs4740 had a significant correlation with the clinical manifestations of Chinese Han patients with SLE (24). All of this evidence shows that IL-35 is involved in the occurrence and progression of autoimmune diseases. Unlike previous reports, we have shown that the EBI3 rs428253 CC genotype and C/G allele may be a susceptibility genes for BD patients. Nevertheless, the role of IL-35 SNPs in the pathogenesis of BD or VKH syndrome and the regulation of the immune response still needs further studying. Additionally, large samples would help determine the correlation between SNPs and diseases.

In conclusion, our research mainly analyzed the association between IL-35 SNPs and AIU disease susceptibility, immune cells, clinical symptoms, and serum levels. In our study, the polymorphism of EBI3 rs4740, which at the coding region was associated with the occurrence of clinical manifestations in VKH patients. Other SNPs are at the non-coding region. SNPs in the non-coding region not only change gene regulation, but also affect gene expression by affecting gene splicing, binding with transcription factors, degradation of messenger RNA, or other ways. Thus, the polymorphism of IL-35 SNPs are involved in the occurrence of AIU. Above all, uveitis may be affected by genetic and immune factors. Uveitis is resulting from the interaction between genetic and various factors, which may provide a new basis for its diagnosis and treatment.
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