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            Abstract
Thiopurine therapy, commonly used in autoimmune conditions, can be complicated by life-threatening leukopenia. This leukopenia is associated with genetic variation in TPMT (encoding thiopurine S-methyltransferase). Despite a lower frequency of TPMT mutations in Asians, the incidence of thiopurine-induced leukopenia is higher in Asians than in individuals of European descent. Here we performed an Immunochip-based 2-stage association study in 978 Korean subjects with Crohn's disease treated with thiopurines. We identified a nonsynonymous SNP in NUDT15 (encoding p.Arg139Cys) that was strongly associated with thiopurine-induced early leukopenia (odds ratio (OR) = 35.6; Pcombined = 4.88 Ã— 10âˆ’94). In Koreans, this variant demonstrated sensitivity and specificity of 89.4% and 93.2%, respectively, for thiopurine-induced early leukopenia (in comparison to 12.1% and 97.6% for TPMT variants). Although rare, this SNP was also strongly associated with thiopurine-induced leukopenia in subjects with inflammatory bowel disease of European descent (OR = 9.50; P = 4.64 Ã— 10âˆ’4). Thus, NUDT15 is a pharmacogenetic determinant for thiopurine-induced leukopenia in diverse populations.
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                    Figure 1: Regional association plot of the SUCLA2-NUDT15-MED4 locus at 13q14.
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Supplementary Figure 1 Study design.
Leukopenia was classified as 'early' when it occurred within the first 8 weeks of thiopurine therapy and as 'late' when it occurred more than 8 weeks after the start of therapy. The discovery and replication analyses were initially focused on early leukopenia. The SNPs identified from the initial analyses were confirmed in patients with late leukopenia.


Supplementary Figure 2 Quantile-quantile plot for the Immunochip association P values of SNPs in 33 cases and 307 controls.
â€“log10 P values are plotted against the expected null distribution. Black data points and red data points represent the results of 95,405 genotyped SNPs and 531,416 genotyped + imputed SNPs in the Immunochip set, respectively.


Supplementary Figure 3 Manhattan plot for the discovery Immunochip association analysis in 33 cases and 307 controls.
Data represent the trend test result of 531,416 genotyped + imputed SNPs. â€“log10 P values are shown according to chromosomal location. SNPs within the SUCLA2-NUDT15-MED4 locus at 13q14 achieve genome-wide significance. The red horizontal line indicates SNPs at a genome-wide significance level (here P = 9.41 Ã— 10â€“8). The blue horizontal line indicates SNPs with P < 1.0 Ã— 10â€“5.


Supplementary Figure 4 Regional association plots after conditional analysis of the SUCLA2-NUDT15-MED4 locus at 13q14.
(a,b) Regional association plots after conditional analysis was performed to control for the association at rs116855232 (a) and rs7320366 (b).


Supplementary Figure 5 Receiver operating characteristic curve for an additive prediction model of early leukopenia using NUDT15 SNP rs116855232.
The area under the curve with 95% CI = 0.88â€“0.97 is 0.92. Overall sensitivity is 89.4%, whereas specificity is 93.2%.


Supplementary Figure 6 Sensitivity of Jurkat cells to 7.5 Î¼M 6-MP following transfection with wild-type or mutant NUDT15.
(a) NUDT15 mRNA levels in Jurkat cells transfected with wild-type or mutant NUDT15, as determined by RT-PCR analysis. (b) The number of viable mutant NUDT15-transfected cells decreases compared to wild typeâ€“transfected control cells. (c) Cytotoxicity assay with annexin V and propidium iodide staining showing that cells are more sensitive to 6-MP when they have been transfected with mutant NUDT15, compared to cells transfected with wild-type NUDT15. Data are presented as mean Â± s.d. of three independent experiments.


Supplementary Figure 7 Principal-component analysis (PCA).
(a) PCA of 340 samples and 194 reference DNA samples from HapMap. (b) Plots of first eight principal components from the principal-component analysis using 340 samples (33 cases, 307 controls).
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