Lack of association between TESPA1 gene polymorphisms （rs1801876, rs2171497，rs4758994 and rs997173） and ankylosing spondylitis in a Chinese population
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Abstract: We investigated whether TESPA1 gene polymorphisms were associated with increased risk of developing ankylosing spondylitis (AS). We also studied whether TESPA1 gene interacts with environmental factors. 494 patients with AS and 478 matched healthy controls were genotyped for four SNPs (rs1801876, rs2171497, rs4758994 and rs997173) in the TESPA1 gene. We found that no evidence of association between THESE SNPs and AS susceptibility, and between their haplotypes and the disease. But patients with rs1801876 GA, GG and AA genotypes had significantly different BASFI scores (p=0.023). There were significantly different Visual Analogue Scale (VAS) night pain assessment scores (p=0.040) and BASFI scores (p=0.023) among different genotypes at rs2171497 locus. There were also significantly different chest expansion scores (p=0.042) and BASDAI scores (p=0.014) among different genotypes at rs997173 locus. For multiple testing, Bonferroni correction was performed. After Bonferroni correction, clinical characteristics of these three loci showed association between different genotype groups. These findings indicated that the TESPA1 gene is not involved in AS genetic predisposition in the Han Chinese population; However, it may play an important role in the clinical characteristics of AS.
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AS is a chronic inflammatory joint disease that mainly affects the sacroiliac joints and spinal joints, causing pain, stiffness, and progressive fusion of involved joints. AS was estimated to affect 1‰-9‰ of different races in different countries, and over four million people in China alone. Evidence suggests that pathogenesis of AS involves a complex combination of genetic and environmental factors [1]. 

The precise pathogenesis of AS is unknown, and a well-established genetic risk factor is associated with the HLA-B27 gene [2]. More than 80% of patients are positive for the HLA-B27 allele, but only a minority of HLA-B27 carriers develops AS (1-5%) [3]. Therefore, other non-HLA-B27 variants are likely to influence susceptibility. Currently, 43 independent genetic loci have been shown associated with AS susceptibility [3].

The human immune system relies on a variety of highly differentiated immune cells to protect our bodies against microbial infections. T lymphocytes play an important role in the immune responses, its’ functions include: directly destroying virus infected cells or tumor cells, helping B cells produce antibodies, responding to specific antigens and secreting effective factors. Therefore, it performs an essential function in assisting our bodies to resist infection and tumor formation. Abnormalities in T lymphocyte function can cause immune system disorders as well as other diseases.

Direct and indirect evidence suggests that T-cells play a role in its pathogenesis. Occurrence of autoimmune disease is associated with a lack of critical regulatory CD4+ T cells, both in human and mice experiments [4-6]. In vivo, the lack of these T cells leads to organ-specific and non-organ specific autoimmune disease, such as thyroiditis, rheumatoid arthritis, systemic lupus erythematosus (SLE) etc. Increasing the amount of this type of regulatory T cells in the body can effectively prevent or delay the onset of these diseases [7, 8].

Additionally, CD8+ T cells, CD4-CD8- T cells and NK T cells have similar immune regulating functions [9-11]. Recent studies [12, 13] found that Th22 and Th17 cells may be involved in the pathogenesis of AS.
Wang [14] demonstrated that TESPA1 is a component of the TCR signalosome and is essential for T cells selection and maturation through the regulation of TCR signaling during T cell development. Recent studies [15,16] show that TESPA1 is a novel component of mitochondria-associated endoplasmic reticulum membranes (MAM), and is involved in IP3R-mediated Ca2+ release and mitochondrial Ca2+ uptake in the MAM compartment. TCR-mediated responses are diminished in TESPA1-/- mice, leading to activation and proliferation of T cells, and secretion of effective factors. These studies demonstrate some mechanisms of immune cells and T cells signal transduction, as well as providing new evidence for mechanisms of T lymphocyte related diseases in diagnosis and treatment of immune conditions. There are no published studies on associations between TESPA1 genes and autoimmune diseases (Systemic Lupus Erythematosus, Rheumatoid Arthritis, AS, and so on). Systemic Lupus Erythematosus (SLE) is a chronic autoimmune disease, with multi-system damage symptoms, Rheumatoid Arthritis (RA) is an immune-mediated disease of unknown cause that primarily affects the joints and ultimately leads to joint destruction. TESPA1 gene was found in mice, which was proved to be participated in the process of T cells development, and association of T cells with AS had been related research in recent years; besides, we had studied AS for many years and the amount of samples was large. Therefore, the aim of this study was to analyze whether TESPA1 gene polymorphisms are associated with risk of AS.
Materials and Methods
This case-control study compares 494 unrelated Han Chinese patients with AS with 478 age- and sex-matched control subjects. All AS patients (from the Department of Rheumatology and Immunology, the First Affiliated Hospital of Anhui Medical University) were diagnosed according to the modified New York criteria (1984) [17] and treated with anti-inflammatory medications. The control group consisted of healthy donors from Hefei center blood stations, all of whom did not have any rheumatological conditions and allergic status.

This study was approved by the ethics committees of Anhui Medical University. Written informed consent was obtained from all subjects. All individuals are from the Han Chinese population.

Assessment criteria

We assessed the following data for all patients: VAS was used to determine the pain intensity related to AS (0-100mm, 0=no pain and 100=severe pain imaginable). Disease duration (in years), age at onset (since the diagnosis of AS), lumbar Schober test, chest expansion, and occipital-wall distance were measured. Disease activity was measured by the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) form 0 to 10: where 0=no activity and 10=maximum activity. Functional impairment was measured by the Bath Ankylosing Spondylitis Functional Index (BASFI) form 0 to 10. Higher values of BASFI indicate worse functional ability. 

Single nucleotide polymorphism selection

The SNPs in TESPA1 gene included in the study were selected from the National Center for Biotechnology Information (NCBI) SNP database (dbSNP, www.ncbi.nlm.gov/projects/SNP/) and met the following criteria:

SNP selection: SNP data were downloaded from a region including exons of the gene and 5′ and 3′ untranslated regions, and the SNPs with minor allele frequency (MAF) ≥0.05 were excluded.

Four SNPs rs1801876 (A/G), rs2171497 (C/G), rs4758994 (A/G), rs997173 (C/T) were selected, located on exon 11, exon 11, exon 2 and exon 10, respectively. The size of the TESPA1 gene and the positions of the exons in proportion were shown in figure 1. Estimated power of these four sites (rs1801876, rs2171497, rs4758994 and rs997173) tests were 0.791, 0.791, 0.832 and 0.774, respectively.
Genotyping

Genomic DNA was extracted from peripheral blood using a commercially available kit (QIAGEN, Germany), according to manufacturer’s instructions. DNA samples were stored at -20℃ before genotyping. The genotyping of SNPs rs1801876, rs2171497, rs4758994 and rs997173 was carried out using the improved Multiple Ligase Detection Reaction (iMLDR) Assay technology by Shanghai Tianhao Bio-Tech Co, Ltd (http://biotech.geneskies.com/ [in Chinese]). The primers are listed in Table 1.

Statistical analysis

We assessed the positive rate of HLA-B27 in different genders, case-control associations and Hardy-Weinberg equilibrium using 
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 tests or Fisher’s exact test, as appropriate. Demographic data and clinical features of AS patients and controls were presented by number (in percent) and mean ± SD. We used one-way ANOVA to calculate the differences among the genotypes for continuous variables. When the differences of average levels among three groups of genotypes were statistically significant, t test was used for multiple comparisons. The Bonferroni correction was used to adjust for multiple testing, with a threshold corrected p value of <0.05/3=0.0167. Odds ratios (ORs) and 95% confidence intervals (CIs) of each SNP were calculated according to the risk allele of interest. All analysis was conducted using SPSS version 13.0. The Haplotype analysis was carried out online using http://analysis.bio-x.cn [18, 19]. The statistical significance level was set at P＜0.05. The case-only study was used to analyze gene-environment interaction. We used unconditioned Logistic regression to analyze the interaction of all the loci with gender, age, smoking, drinking, and high noise of residential areas and so on.
Results

The AS population included 412 men and 82 women, between the ages of 15 and 57 years, with a mean age of 28.1 (SD=9.7) years. The control group consisted of 395 males and 83 females with a mean age of 27.3(SD=8.5) years (Table 2). There are no significant differences in age and gender between the two groups. We compared the positive rate of HLA-B27 in male and female patients and the result had no statistical significance (
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=1.724, p=0.189). The total positive rate for the cases was 91.5%; the positive rate for the males was 92.28% and the females 87.80%. All of the SNPs rs1801876, rs2171497, rs4758994 and rs997173 were in Hardy–Weinberg equilibrium (HWE) in cases (p=0.470, 0.513, 0.335 and 0.900, respectively) and controls (p=0.052, 0.052, 0.582 and 0.469, respectively). It indicated that both of the cases and controls were relatively stable. The genotyping call rate was 97.0%, with fifteen cases that could not be genotyped for these four SNPs. The MAF in our study were consistent with the International Hap-Map Project data for CHB.

Allele and genotype frequencies of TESPA1 gene polymorphisms in cases and healthy controls are shown in Table 3, we found that no evidence of association between SNPs and AS susceptibility. The linkage disequilibrium analysis was made considering the four SNPs. Three SNPs(rs1801876, rs2171497, rs997173) with high linkage disequilibrium(D’ values＞0.9 and r2 values＞0.7) were used to construct three haplotypes: H1 (AGC), H2 (AGT), and H3 (GCC). Haplotype frequency<0.03 in both control and case has been dropped. No association between the haplotype and AS was identified (Table 4).

As shown in Table 5, we analyzed the association between VAS, lumbar Schober test, chest expansion, BASDAI, BASFI, and different genotypes of high correlation SNPs. As a result, at the rs1801876 locus, patients with GA, GG and AA genotypes had significantly different BASFI assessment scores (p=0.023). At the rs2171497 locus, there were significantly different VAS night pain and BASFI scores among different genotypes (p=0.040 and 0.023). At rs997173 locus, there were also significantly different chest expansion and BASDAI scores among different genotypes (p=0.042 and 0.014). Using t test, we found that subjects in rs1801876 locus with GG genotype has significantly increased BASFI scores compared to those with the AA genotype (4.03±1.23 vs 3.29±1.81, p＜0.001)and GA genotype(4.03±1.23 vs 3.54±2.00, p=0.024). In locus rs2171497, patients with the GG genotype had significantly declined VAS night pain assessment scores compared to those with the CC genotype (31.49±18.07 vs 37.54±20.65, p=0.030) and CG genotype (31.49±18.07 vs 35.01±19.03, p=0.048). Patients with the TESPA1 CC genotype had significantly increased BASFI scores compared to those with the GG genotype (4.03±1.23 vs 3.29±1.81, p＜0.001) and CG genotype (4.03±1.23 vs 3.54±2.00, p=0.023). At locus rs997173, patients with the TT genotype had significantly increased chest expansion assessment scores compared to those with the CC genotype (5.34±4.27 vs 4.33±1.38, p=0.004) and CT genotype (5.34±4.27 vs 4.72±2.38, p=0.068), Patients with the TESPA1 CT genotype had significantly reduced BASDAI scores compared to those with the CC genotype (3.41±1.77 vs 3.82±1.23, p=0.036) and TT genotype (3.41±1.77 vs 3.91±2.04, p=0.007). Besides, a significant interaction of G×E (gene and environment) between TESPA1 gene and high noise was found (Table 6). Other factors, however, significant interactions were not found.
Discussion

The occurrence of AS may be associated with genetic factors, chronic infection, autoimmune disorders and endocrine disturbance and so on. Genetic and environmental factors play a role in the onset of the disease. 
TESPA1 [14,20] was discovered last year (2013), and is located on human chromosome 12 with 36729 bp in size. The studies have found that TESPA1 gene interacts with Lat signalosome that formed in the TCR signaling, playing a role of regulation in T cells development. The TESPA1 gene is involved in the initial formation of the Lat signalosome, as it aids the interactions among Lat, PLC-γ1， Themis and Grb2. Loss of TESPA1 causes less signaling via calcium (Ca2+) and Erk. Therefore, we investigated whether TESPA1 gene mutations in patients with immune deficiency or immune dysfunction, and explored associations with human disease. The study indicated that these four SNPs in the TESPA1 gene were not associated with AS. In AS patients, the rs1801876 genotype was related to the disease functional ability indicated by the BASFI scores, the rs2171497 genotype was related to the disease severity and functional ability indicated by the VAS night pain and BASFI scores, and the rs997173 genotype was related to the disease severity and activity indicated by the chest expansion and BASDAI scores. In spite of rs1801876, rs2171497 and rs997173 showing no association with the susceptibility of AS, they may lead to different disease severity, disease activity and functional ability in patients. The study of G×E interaction indicated that there was an interaction of high noise with TESPA1 gene, at the time of mutation, avoiding this factor could reduce the risk of AS.
Strengths of our study include its case-control design, the large sample size and the sufficient statistical power. Moreover, we choose the SNP is potentially loci SNP, it make our findings more readily reasonable and credible. This study includes the following limitations: (1) the limited coverage of the gene region. Because of the large size of TESPA1 gene, it contains many haplotype blocks which may not be covered but the small number SNPs included in the study; (2) the limited geographic location (sample from Anhui province only) – further genetic studies of TESPA1 gene polymorphisms in more haplotype blocks and various populations are necessary; and (3)the limited associations between disease severity and TESPA1 SNPs (be not replicated in an independent cohort) – raising the possibility false positive findings. 

From these results, we suggest that the TESPA1 gene did not confer risk for AS in the Chinese population.

In conclusion, we found no association between the four polymorphisms of the TESPA1 gene and AS in Chinese adults. However, the TESPA1 polymorphisms may play an important role in the clinical characteristics of AS in the Han Chinese population.
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