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Forty-nine susceptible loci have been reported to be significantly associated with vitiligo by genome-wide association studies (GWASs) in European-derived whites. To date, some of these reported susceptibility loci have not yet been validated in the Chinese Han population. The purpose of this study was to examine whether the 16 reported susceptible loci in European-derived whites were associated with vitiligo in the Chinese Han population. Imputation was performed using our previous GWAS dataset by IMPUTE v2.2.2. The 16 imputed top single-nucleotide polymorphisms (SNPs) with suggestive signals, together with the reported SNPs, were genotyped in a total of 2581 patients and 2579 controls by the Sequenom MassARRAY system. PLINK 2.0 software was used to perform association analysis. The dbSNP database, HaploReg, and eQTL data were adopted to annotate the biological function of the SNPs. Finally, four SNPs from three loci were significantly associated with vitiligo, including rs3747517 (P = 1.29 × 10–3, OR = 0.87) in 2q24.2, rs4807000 (P = 7.78 × 10–24, OR = 0.66) and rs6510827 (P = 3.65 × 10–5, OR = 1.19) in 19p13.3, and rs4822024 (P = 6.37 × 10–10, OR = 0.67) in 22q13.2. According to the dbSNP database, rs3747517 is a missense variant of IFIH1, rs4807000 and rs6510827 are located in TICAM1, and rs4822024 is located 6 kb upstream of TEF. Further bioinformatics analysis by HaploReg and eQTL found that rs4807000, rs6510827, and rs4822024 are involved in regulating gene expression. Our study revealed the strong association of 2q24.2 (rs3747517), 19p13.3 (rs4807000, rs6510827), and 22q13.2 (rs4822024) with the risk of vitiligo in the Chinese Han population, which implicates common factors for vitiligo across different ethnicities, and helps expand the understanding of the genetic basis of this disease.
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INTRODUCTION

Vitiligo is an organ-specific autoimmune disease directed against melanocytes. It is characterized by whitish patches on the skin (Jin et al., 2019). The disease occurs in approximately 0.5–1% of the world population (Ezzedine et al., 2012). Most patients develop vitiligo before 40 years of age (Ezzedine et al., 2015). Vitiligo is also related to many other autoimmune diseases, in particular autoimmune thyroid disease, type 1 diabetes, and rheumatoid arthritis (Jin et al., 2019). The etiology of vitiligo remains elusive. There are several hypotheses, but an autoimmune etiology associated with specific genetic variants is still considered the leading theory (Iannella et al., 2016). It is believed that genetic components contribute to the onset of this disease (Spritz, 2012).

In 2010, we performed a genome-wide association study (GWAS) of vitiligo in the Chinese population, identifying 6p21.33, 6q27, and 10q22.3 as susceptible loci (Quan et al., 2010). Further two-stage replication studies identified three additional susceptibility loci at 10q22.1, 11q23.3, and 12q13.2 (Tang et al., 2013). From 2010 to 2018, the Spritz group carried out several large-scale GWASs in European-derived whites and discovered 49 novel susceptibility loci that contributed to vitiligo risk (Jin et al., 2010a,b, 2012, 2016; Ben et al., 2018). However, due to the genetic heterogeneity across different ethnicities, only some of these loci have been validated in the Chinese Han population, whereas others apparently have not been (Li et al., 2015; Xu et al., 2018; Tang et al., 2019). Of the 49 reported new susceptibility loci, we selected 16 single-nucleotide polymorphisms (SNPs) from 16 loci for validation after excluding those loci validated previously (Li et al., 2015; Xu et al., 2018; Tang et al., 2019). To investigate the association of the 16 loci with the risk of vitiligo, imputation of the 16 SNPs was conducted using our previous GWAS data on vitiligo, and the 16 imputed top SNPs together with the reported SNPs were genotyped in the Chinese Han population. Biological function annotation was performed to explain potential regulatory functions.



MATERIALS AND METHODS


Study Subjects

All samples were recruited in collaboration with multiple hospitals in China. A total of 2581 unrelated patients (1335 men and 1226 women) and 2579 matched controls (1648 men and 931 women) were recruited for this study (Table 1). The patients were all of ethnic Chinese Han origin and diagnosed by at least two experienced dermatologists. Recruited controls who did not meet the following criteria were excluded: (a) healthy individual without vitiligo, any other autoimmune diseases, or systemic disorders; (b) Han nationality; (c) no family history of vitiligo (including of first-, second- and third-degree relatives). Written informed consent was obtained from all subjects before collecting their clinical information and blood samples. The Ethics Committee of Anhui Medical University approved this study protocol, and the study was carried out according to the ethical standards of the Declaration of Helsinki.


TABLE 1. Demographic details of the subjects.
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SNP Selection for Replication

The genotype data of the 16 SNPs in adjacent upstream/downstream 250 kb regions were imputed from our previous vitiligo GWAS dataset (Quan et al., 2010). IMPUTE v2.2.2 was used to perform genotype imputation with the reference panel of the 1000 Genome Project phase 1 database (Howie et al., 2009). For quality control, SNPs that met the following criteria were included: (1) P-value of <10–3; (2) call rates >90%; (3) minor allele frequency (MAF) > 0.05 in controls; (4) P-value for Hardy–Weinberg equilibrium (PHWE) > 0.01 in controls. Then we selected the reported SNPs and the most significant SNPs in the16 loci (Table 2). Of those, the designs of the PCR primers for six SNPs failed. Finally, 26 SNPs within 16 loci were enrolled in the genotyping.


TABLE 2. Information about the 32 SNPs in the GWAS and 1000 genome data.
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DNA Extraction and Genotyping

Genomic DNA was extracted from blood samples using FlexiGene DNA kits (QIAGEN, Hilden, Germany) according to the manufacturer’s protocol. After the concentration and purity were measured using a spectrophotometer, the 26 SNPs were genotyped using the Sequenom MassARRAY platform (Sequenom, San Diego, CA, United States). The procedures used for genotyping were presented in a previous study (Cai et al., 2019).



Statistical Analysis

PLINK 2.0 software was used to calculate the allele frequency, P-values, odds ratios (OR), and Hardy–Weinberg equilibriums (HWE) for each SNP. The association of vitiligo with the SNPs was analyzed by comparing the MAF between patients and controls. The statistical power was calculated using Power and Sample Size Calculation software using either the sample size, the MAFs observed in the Chinese controls, and the ORs previously reported for European-derived whites, or the ORs in our GWAS and the imputed results for the Chinese Han when they were not provided for the white European population. For quality control, SNPs with a call rate < 90% and PHWE < 0.01 were excluded. A P-value after Bonferroni corrections of less than 3.57 × 10–3 (0.05/14) was regarded as statistically significant.



Bioinformatics Analysis

Several bioinformatics tools were utilized in this study. The Single Nucleotide Polymorphism database (dbSNP) was used for gene mapping.1 HaploReg4.12 was adopted to select the strongly linked SNPs and evaluate the potential biological significance for targeted SNPs. In addition, expression quantitative trait loci (eQTL) study data based on the GTEx database3 were adopted (GTEx Consortium, 2013).



RESULTS


Association Between SNPs and Vitiligo

In this study, 26 selected SNPs from 16 loci were genotyped in 2581 vitiligo patients and 2579 healthy controls. Twelve SNPs were eliminated for not meeting the inclusion criteria (call rate < 90%, PHWE < 0.01), leaving 14 SNPs for analysis. Four SNPs showed significant associations with vitiligo in the independent Chinese Han cohort, including rs3747517 (P = 1.29 × 10–3, OR = 0.87, 95% CI: 0.80–0.95) at 2q24.2, rs4807000 (P = 7.78 × 10–24, OR = 0.66, 95% CI: 0.61–0.71) and rs6510827 (P = 3.65 × 10–5, OR = 1.19, 95% CI: 1.09–1.29) at 19p13.3, and rs4822024 (P = 6.37 × 10–10, OR = 0.67, 95% CI: 0.58–0.76) at 22q13.2 (Table 3). However, no evidence of a significant association was observed for any other SNPs.


TABLE 3. Summary of association results of 14 SNPs in 11 loci/genes between cases and controls.
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Functional Annotation via Bioinformatics Analysis

The positive vitiligo SNPs rs4807000 and rs6510827 are in the strong linkage disequilibrium (LD) region (r2 = 0.99) of 19p13.3 (Supplementary Figure 1), separately in 140 bp upstream and intronic region of TICAM1. According to Haploreg v4.1, these two SNPs are in the area of enhancer histone H3K4mel in primary melanocyte cells and primary keratinocyte cells. The eQTL data extracted from GTEx show that they are associated with the expression of TICAM1 in whole blood (P = 1.70 × 10–36; P = 2.13 × 10–36, respectively). Moreover, rs4807000 is in the binding site of the NF-κB transcription factor from the ENCODE project.

Rs4822024 is located 1.5 kb downstream of ZC3H76, 6 kb upstream of thyrotroph embryonic factor (TEF), and 15 kb upstream of RNU6-495P in 22q13.2 (Supplementary Figure 2). This SNP shows a significant QTL effect on the expression level of TEF in the blood (P = 1.45 × 10–14) (GTEx Consortium, 2015) and is in the region of enhancer histone H3K4me1 in primary melanocyte cells according to Haploreg v4.1. Furthermore, the SNP also contains enrichment enhancer and promoter histone marks in epithelial cells, which suggests a transcriptional regulation function.

Gene mapping showed that rs3747517 is a missense variant in the interferon-induced helicase C domain 1 (IFIH1) gene by dbSNP (Supplementary Figure 3). As a vitiligo-protective variant, the functional analysis of rs3747517 has been addressed previously (Jin et al., 2017).



DISCUSSION

Vitiligo is a common depigmenting skin disorder influenced by genetic and environmental factors. Our team conducted a series of genetic studies of vitiligo in the Chinese Han population. A GWAS of vitiligo was carried out in 2010. The 34 most promising SNPs in the MHC region were replicated, and one new risk locus was identified at 6q27, which contains three genes, RNASET2, FGFR1OP, and CCR6 (Quan et al., 2010). In 2013, the previous vitiligo GWAS was extended with a two-stage replication study, and 50 SNPs at 44 loci showing a suggestive association (Pinitial < 1 × 10–4 in GWAS) were selected for replication testing, which identified three susceptibility loci (12q13.2, 11q23.3, and 10q22.1) for vitiligo (Tang et al., 2013). In 2015, 12q13.2 was verified to be significantly associated with vitiligo accompanying immune-related diseases by testing 10 immune susceptibility SNPs (Li et al., 2015). In 2017, two newly identified SNPs (rs613791 and rs523604) showed independent signals in the associated locus 11q23.3 for vitiligo (Zhao et al., 2017). In 2019, 3q29 was demonstrated to be associated with vitiligo after genotyping 14 reported loci identified from a meta-analysis of GWAS in European-derived whites (Tang et al., 2019). In this study, 16 reported susceptible loci (1 × 10–3 > all Pinitial > 1 × 10–4 in our GWAS, located in non-MHC regions) in European-derived whites by GWAS were first tested to be associated with vitiligo in the Chinese Han population (Table 2), which revealed the strong association of 2q24.2 (rs3747517), 19p13.3 (rs4807000 and rs6510827), and 22q13.2 (rs4822024) with vitiligo.

SNP rs3747517 in 2q24.2 is a missense variant of IFIH1 encoding the IFIH1 protein, which can activate innate immune reaction to bind to damage-associated molecular patterns (Looney et al., 2015). Dysfunction of IFIH impairs the activation of downstream innate immune responses (Jin et al., 2017). SNPs rs4807000 and rs6510827 in 19p13.3 are located separately in 140 bp upstream and the intron of TICAM1 with significant LD (r2 = 0.99). TICAM1 regulates the innate immune reaction to viruses by inducing pattern recognition receptor–mediated IFN production (Seya et al., 2009). SNP rs4822024 in 22q13.2 is located 6 kb upstream of TEF, which encodes the TEF protein, and is associated with the expression level of TEF in blood (GTEx Consortium, 2015). TEF is a member of the proline and acidic amino-acid-rich basic leucine zipper (PAR bZip) transcription factor family, which plays a pivotal role in regulating circadian rhythm. The above loci may be involved in the pathogenesis of vitiligo through immune or other mechanisms.

The current findings revealed four SNPs in three loci that contribute to vitiligo susceptibility in Chinese Han individuals. However, we were unable to obtain evidence of an association for the other 10 SNPs. Aside from these 14 SNPs, 6 SNPs failed in the assay design, and 12 SNPs were eliminated for not meeting the quality-control criteria. The MAFs of these SNPs exhibited some difference between the Chinese Han (CHB) and European (CEU) cohorts (Table 2), and the correlation identified in the European population may not be well present in this study. Power analysis showed that the sample of 2581 patients and 2579 controls provided insufficient statistical power (<80%) for these negative SNPs except for rs59374417 in 3q13.33, which was not sufficient for detecting an association (Table 3), so larger sample sizes are needed in future studies. In addition, the difference in association evidence for rs59374417 between the Chinese Han and European-derived whites may implicate a genetic heterogeneity of vitiligo susceptibility between ethnic populations.

In this study, we tested the association of 16 susceptible SNPs for vitiligo identified in European-derived whites and the respective top imputed SNPs of candidate regions in a Chinese Han population. The negative results only indicated that these SNPs, not their LD region, were not related to vitiligo in the Chinese Han population. The differences in LD structure around the causal variants might result in distinct observations of associations in different populations. A more in-depth comparison of the LD structures in the candidate regions in Chinese Han versus European populations is necessary, either by targeted sequencing or fine genotyping in future studies.

In conclusion, the strong association of 2q24.2 (rs3747517), 19p13.3 (rs4807000 and rs6510827), and 22q13.2 (rs4822024) with the risk of vitiligo was demonstrated in a Chinese Han population, which implicates common factors for vitiligo across different ethnicities, and helps expand the understanding of the genetic basis of this disease.
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Case Control

1p36.23 rs12745477 8204397 AG 0.2228 0.2172 4.95 x 107! 1.03 (0.94-1.14) 2.35 x 1071 0.96 0.569* = = -
2p16.3 rs6544997 47617366 AG 0.3786 0.3971 5.76 x 1072 0.92 (0.85-1.00) 1.20 x 1071 0.97 0.062* AG * 6.61 x 1076
2g24.2 rs3747517 162272314 T/C 0.3298 0.3615 1.29 x 103 0.87 (0.80-0.95) 1.98 x 102 0.91 0.924 T/C 0.78 1.65 x 10-13
2024.2 rs2300755 162027452 AG 0.3114 0.3038 421 x 107" 1.04 (0.95-1.13) 4.07 x 107! 0.94 ©:555" = = =
3013.33 rs59374417 119569567 AC 0.2644 0.2567 3.80 x 10! 1.04 (0.95-1.14) 2.67 x 107! 0.97 0.968 AC 1.34 5.41 x 107!
6p25.2 rs160669 2810535 C/T 0.2446 0.2315 1.82 x40~ 1.08 (0.98-1.18) 2.5 x 10~ 0.93 0.529* - - -
Tpl2.2 rs10250629 50151757 C/T 0.2354 0.2252 2.34 x 107! 1.06 (0.96-1.17) 9.07 x 10! 0.94 0.171 C/T 0.88 211 x 1077
11021 rs11021232 95587644 T/C 0.09605 0.09108 4.04 x 107! 1.06 (0.92-1.22) 8.04 x 107! 0.93 0.613 C/T 1.34 2.10x 10722
11921 rs16922181 95556687 G/T 0.1454 0.1373 2.52 x 10~! 1.07 (0.95-1.20) 8.62 x 10! 0.94 0.282* - - -
180g21.31 rs10503019 57787145 G/A 0.09699 0.1017 4.43 x 107! 0.95 (0.83-1.09) 8.23 x 107! 0.94 0.053* AG % 275x 1078
19p13.3 rs6510827 4830616 C/T 0.4166 0.3755 3.65 x 103 1.19 (1.09-1.29) 1.08 x 101 0.94 0.556 C/T 1.19 6.37 x 101
19p13.3 rs4807000 4831866 G/A 0.4236 0.5273 7.78 x 10~ 0.66 (0.61-0.71) 7.16 x 10-2 0.91 0.415* - - -
21g22.11 rs9305469 31779113 T/G 0.1468 0.1448 7.73 %101 1.02 (0.91-1.14) 8.70 x 107! 0.96 0.501* = = -
22q13.2 rs4822024 41361643 G/A 0.08973 0.129 6.37 x 1010 0.67 (0.58-0.76) 2.24 x 1072 0.94 0.588 G/A 0.78 2 x 101

Chr, chromosome; SNP. single-nucleotide polymorphism; OR, odds ratio; Cl, confidence interval; HWE, Hardy-Weinberg equilibrium. @Positions are based on human genome version 38 (hg38). ®Minor allele/major
allele. ©P-values of less than 3.57 x 1073 (0.05/14) were considered to be statistically significant (with Bonferroni corrections); Alleleceu, ORceu, P-valuecey are reported by vitiligo GWASSs in European-derived whites; "=
Imputed SNPs. *The odds ratio is unavailable from European GWASs and power is calculated by using the MAFs observed in Chinese controls and the ORs previously reported for Chinese. The bold values implicate

positive results.





