
SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-0516/-/DC1 

Supplementary Table 1. Details of study participants recruited. UAS were islet autoantibody-negative 

and not related to any T1D patient included in this study. All donors were of white ethnicity and controls 

were without autoimmune disease (self reported). [
1
 Cambridge BioResource website: 

http://www.cambridgebioresource.org.uk;
 
s.d. = standard deviation] 
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Supplementary Table 2. Details of fluorescent monoclonal antibodies used in the study. 
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Supplementary Figure 1. Utilization of barcoding methodology and normalization of data using two 

internal biological controls for the IL-2 sensitivity assay. A: Per batch, samples from six individuals 

with LST1D (P1-P6) and two internal biological control (C1 and C2) were stimulated in duplicates (a 

and b tubes) for each IL-2 concentration used and stained with CD4, CD25, CD45RA and pSTAT5a. 16 

samples were barcoded using BD violet fluorescent cell barcoding kit with corresponding mixtures of 

the CBD 450 and CBD 500 amine-reactive dyes as indicated and later pooled to minimize staining 

variability. B-F: Lymphocytes were identified by their forward and side scatter properties (B), doublets 

removed (C) and cells were gated for CD4
+
 expression (D). 16 samples were then deconvoluted based 

on the levels of the two dyes used to barcode each sample (E). Per sample, Tregs were identified using 

two different gating strategies (F): (i) based on a high level of CD25 staining and reduced CD4 staining 

(CD4
lo

CD25
+
 Tregs) and (ii) gated on the top 2% of CD25-staining CD4

+
 cells (CD25

hi
 Tregs). Tconv 

were identified by low/intermediate levels of CD25 staining. G-I: All cell populations were analyzed for 

expression of CD45RA to delineate populations of CD45RA
+
 and CD45RA

-
 Tconv (G) and Tregs (H-I). 

J: An example showing day-to-day variation of percentage pSTAT5a positive cells using first bleed data 

from CD25
hi

 Tregs stimulated with 0.1 IU/ml IL-2. Six individuals with LST1D (black circles) and two 

internal biological controls (green triangles and red squares) were tested in a batch. This shows that the 

IL-2 response for the two biological controls varies to a similar degree on a given day. K: For each cell 

population and each IL-2 concentration, the dataset was normalized by taking the mean of the two 

biological controls for each batch and normalize the whole dataset by aligning the means (horizontal 

dotted blue line). L-O: Relationship between percentages of pSTAT5a positive cells in CD25
hi

 Tregs 

(L), CD4
lo

CD25
+
CD45RA

-
 Tregs (M), memory Tconv (N) and naïve Tconv (O) using two aliquots of 

first bleed cryopreserved PBMC from 6 individuals with LST1D and 2 controls. Each individual with 

LST1D (P1-P6) and internal control (C1 and C2) sample is denoted by a unique filled and opened 

symbol, respectively. 
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Supplementary Figure 2. Relationship between CD4
+
 T-cell subset frequencies measured in two 

independent blood draws. Populations of Tconv and Treg subsets were defined as described in Fig. 2 

and Supplementary figure 1. A-E: Inter-individual variation and stability of percentages of total 

CD4
lo

CD25
+
 Treg (A), CD4

lo
CD25

+
CD45RA

-
 Treg (B), CD4

lo
CD25

+
CD45RA

+
 Treg (C), mTconv (D) 

and nTconv (E) out of CD4
+
 T cells were compared between first and second bleeds of patients taken 

over three months apart. 
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Supplementary Figure 3. Selection of low and high IL-2 responder groups from the initial IL-2 

sensitivity screen for further confirmatory and functional studies. A-B: 12 high (open circles) and 12 low 

(open squares) IL-2 responders were selected based on reproducibly having low or high percentages of 

pSTAT5a positive CD25
hi

 (A) and also CD4
lo

CD25
+
CD45RA

-
 Tregs (B). C-D: Comparisons of the IL-2 

responses in Tregs from these selected individuals with IL-2 responses in mTconv (C) and nTconv (D). 

Genotype distributions at two T1D-associated IL2RA SNPs (rs12722495 and rs2104286) were similar 

between these two subgroups of individuals, thus ruling out potential confounding effect from this locus. 

 

 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-0516/-/DC1 

Supplementary Figure 4. Comparisons between IL-2 sensitivity in FOXP3
+
 Tregs of low and high IL-2 

responders at different time points after IL-2 stimulation. A-B: Comparisons of percentage of pSTAT5a 

positive total FOXP3
+
 (A) and FOXP3

hi
CD45RA

-
 activated (Fr. II; aTreg) (B) Treg between 2 low and 2 

high IL-2 responders when cells were stimulated with 0.2 IU/ml IL-2 for up to 60 minutes. C: 

Comparisons of percentage of pSTAT5a positive total FOXP3
+
 Tregs between 12 high and 12 low IL-2 

responders when cells were stimulated with 10 IU/ml IL-2 for 30 minutes. Lines indicate group mean 

with standard error. Statistical significance was determined using a one-tailed Student’s t test. 
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Supplementary Figure 5. Comparisons between level of CD25 expression in FOXP3
+
 Treg of low and 

high IL-2 responder groups. Tregs were gated on CD25
hi

 and FOXP3
+
 cells. A-D: Comparisons of levels 

of CD25 expression in total FOXP3
+
 Treg (A) as well as the three Treg subsets (B-D) in low and high 

IL-2 responders. Lines indicate group mean with standard error. Statistical significance was determined 

using a one-tailed Student’s t test. 
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Supplementary Figure 6. Estimation of the effect size and heterogeneity of IL-2 sensitivity in four 

independent studies. A: The sensitivity of Tregs to IL-2, defined as the percentage of Tregs that are 

pSTAT5
+
 after IL-2 stimulation, in non-diabetic controls (C) and individuals with T1D in cohorts from 

London and Cambridge and also data derived from two previously published studies (Long et al. (10): 

100 IU/ml for 20 mins, Cerosaletti et al. (9): 25 IU/ml for 20 mins, Cambridge cohort: 0.1 IU/ml for 30 

mins and London cohort: 0.2 IU/ml for 30 mins). B: Data shown depicts the sample size required to 

obtain 90% power to detect the specified range of differences in the %pSTAT5
+
 between individuals 

with T1D and controls for each study, at a two-tailed =0.05 significance threshold and assuming a 1:1 

ratio of cases to controls. Sample size was calculated for a range of effect sizes (depicted in the x-axis). 

The observed and winner’s curse corrected effect sizes for each study are also shown. Winner's curse is 

a phenomenon caused by the preferential reporting of regression estimates when P-values fall below a 

defined significance threshold. This effect causes the reported regression estimates to be biased away 

from the null distribution and is most serious for P-values close to the specified significance threshold 

(ref: http://dx.doi.org/10.1002/gepi.20209). These can be adjusted by using truncated distributions to 

condition on the observed significance and obtain unbiased estimates of effect size (ref: 

http://dx.doi.org/10.1093/biostatistics/kxn001). We performed this adjustment using the online tool 

www.immunobase.org/page/CorrectEffectHome).  
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