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Supplementary Table 1. Fluorescent monoclonal antibodies used in the study 
 

Staining panel Antibody Manufacturer Clone 
Tfh panel 1 CD4 APC-H7 BD RPA-T4 
 CD25 PE-Cy7 Biolegend BC96 
 CD45RA FITC Tonbo Biosciences H100 
 CXCR5 PerCP-Cy5.5 Biolegend J252D4 
 ICOS A647 Biolegend C398.4A 
 PD-1 PE Biolegend EH12.2H7 
    
Tfh panel 2 CD4 APC-H7 BD RPA-T4 
 CD25 PE-Cy7 Biolegend BC96 
 CD45RA FITC Tonbo Biosciences H100 
 CXCR5 PerCP-Cy5.5 Biolegend J252D4 
 CCR6 PE Biolegend G034E3 
 CXCR3 A647 Biolegend G025H7 
    
Tfh panel 3 CD4 APC-H7 BD RPA-T4 
 CD25 PE-Cy7 Biolegend BC96 
 CD45RA FITC Tonbo Biosciences H100 
 CXCR5 PerCP-Cy5.5 Biolegend J252D4 
 PD-1 PE Biolegend EH12.2H7 
 CCR7 A647 Biolegend G043H7 
    
Tfh panel 4 CD4 APC-H7 BD RPA-T4 
 CD25 PE-Cy7 Biolegend BC96 
 CD45RA FITC Tonbo Biosciences H100 
 CXCR5 PerCP-Cy5.5 Biolegend J252D4 
 PD-1 PE Biolegend EH12.2H7 
 CXCR3 A647 Biolegend G025H7 
    
B-cell panel CD19 APC-H7 BD HIB19 
 CD10 PE-Cy7 Biolegend HI10a 
 CD38 BV421 Biolegend HIT2 
 CD21 APC Biolegend B432 
 IgD A488 Biolegend IA6-2 
 CD27 PerCp-Cy5.5 Biolegend M-T271 
 IgA PE Miltenyi Biotec IS11-8E10 
    
IL-21 panel CXCR5 PerCp-Cy5.5 Biolegend J252D4 
 CXCR3 A647 Biolegend G025H7 
 CD45RO BV421 Biolegend UCHL1 
 CD4 FITC Tonbo Biosciences RPA-T4 
 IL-21 PE Biolegend 3A3-N2 

 



SUPPLEMENTARY DATA 
 

©2016 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db16-0714/-/DC1 

Supplementary Figure 1. Gating strategy for analyzing peripheral blood Tfh subsets. Lymphocytes 
were first gated based on FSC and SSC properties, followed by elimination of doublets through FSC-A 
and FSC-H gating and exclusion of CD4+CD25hi Treg cells. CXCR5+ T cells were defined as 
CD4+CD25low/-CD45RA-CXCR5+ cells (A). Expression of PD-1 and ICOS, CCR6 and CXCR3, PD-1 
and CCR7, and PD-1 and CXCR3 were analyzed on CD4+CXCR5+ T cells (B). The gates were set 
based on FMO controls. The expression patterns on naive (CD4+CD25low/-CD45RA+) T cells within 
the same samples were also used as biological gating controls (C). 
 

 



SUPPLEMENTARY DATA 
 

©2016 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db16-0714/-/DC1 

Supplementary Figure 2. T-cell and B-cell coculture assay. Different sorted T-cell subsets were 
cultured with naive autologous B cells and the frequencies of T cells (CD3+CD4+), B cells (CD3-CD4-) 
and plasmablasts (CD3-CD4-CD20lowCD38high) were analyzed after 7 days. A representative example 
of the assay with naive CD4+ T cells (A, top panels), CXCR5-PD-1+ICOS+ memory CD4+ T cells (A, 
middle panels) and CXCR5+PD-1+ICOS+ (A, bottom panels) is shown. Absolute numbers of T cells 
(B), B cells (C) and plasmablasts (D) were determined within the cultures with counting beads. The 
results are expressed as mean +/-SEM of three separate experiments. * P < 0.05 (paired t-test). 
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Supplementary Figure 3. Rate of age-dependent changes in the frequency of circulating Tfh subsets. 
Scatter plots depict age-dependent changes in the frequency of different CXCR5+ Tfh subsets analyzed. 
Linear regression lines were calculated for children with newly diagnosed T1D (red circles) and 
autoantibody-positive at-risk children (blue circles). The slopes of the regression lines did not 
significantly differ from those of healthy control children (open circles). Correlation of different 
parameters with age was calculated by pooling all samples analyzed and is expressed together with P 
values next to the individual plots. 
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Supplementary Figure 4. Pairwise analyses of different Tfh subset frequencies in samples from 
autoantibody-positive at-risk children (A), children with impaired glucose tolerance (B) and children 
with newly diagnosed T1D (C) compared to frequencies in samples from age-matched healthy children 
(HD) processed and analyzed in parallel. P values from paired t-tests are indicated. 
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Supplementary Figure 5. Analysis of the CXCR5- memory CD4+ T-cell compartment. The 
frequencies of PD-1+ICOS+ (A) Th1- (B), Th17- (C) and Th2-type (D) cells within CD4+CXCR5- 
memory T cells were analyzed in autoantibody-negative healthy control children, autoantibody-positive 
children (AAb+), children with impaired glucose tolerance (IGT) and children with newly diagnosed 
T1D.  
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Supplementary Figure 6. Analysis of the Tfh compartment in adult subjects with long-standing T1D. 
The frequencies of CXCR5+ T cells within total memory CD4+ T cells (A) as well as the frequencies of 
PD-1+ICOS- (B) and PD-1+ICOS+ subsets (C) within CXCR5+ T cells were determined in healthy 
control adults (mean age 28 years, range 21-38 years) and adults with long-standing diabetes (mean age 
27, range 19-39 years; mean disease duration 12 years, range 1-36 years). 
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Supplementary Figure 7. Analysis of IL-21 production. Flow-cytometrically sorted CD4+CD45RA-
CXCR5- and CD4+CD45RA-CXCR5+ T cells were either rested or stimulated with PMA and 
ionomycin for 5h before staining with CD4 and CXCR5. Stimulation with PMA and ionomycin did not 
induce CXCR5-expression in the CXCR5- fraction and only slightly decreased CXCR5-expression in 
the CXCR5+ fraction (A). Scatter plots depict age-dependent changes in the frequency of IL-21-
producing T cells within total memory CD4+ T cells (B, left), CXCR5- memory CD4+ T cells (B, 
middle) and CXCR5+ memory CD4+ T cells (B, right). Correlation of different parameters with age was 
calculated by pooling all samples analyzed and is expressed together with P values next to the individual 
plots. Pairwise analyses of IL-21 production within the CXCR5+ memory CD4+ T cell subset between 
healthy control children and autoantibody-positive children (C, left), and healthy control children and 
children with newly diagnosed T1D (C, right). The frequency of IL-21-producing T cells within the 
CXCR3+ (D, left) and CXCR3- (D, right) CD4+CXCR5+ fractions in autoantibody-negative healthy 
control children, autoantibody-positive children (AAb+) and children with newly diagnosed T1D 
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Supplementary Figure 8. Gating strategy for analyzing peripheral blood B-cell subsets. Lymphocytes 
were first gated based on FSC and SSC properties, followed by elimination of doublets through FSC-A 
and FSC-H gating. B cells were defined as CD19+ lymphocytes and different B-cell subsets were 
analyzed within this population as indicated in Figure 7 in the manuscript. 
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Supplementary Figure 9. Rate of age-dependent changes in the frequency of circulating B-cell subsets. 
Scatter plots depict age-dependent changes in the frequency of different B-cell subsets analyzed. Linear 
regression lines were calculated for children with newly diagnosed T1D (red circles) and autoantibody-
positive at-risk children (blue circles). The slopes of the regression lines did not significantly differ from 
those of healthy control children (open circles). Correlation of different parameters with age was 
calculated by pooling all samples analyzed and is expressed together with P values next to the individual 
plots. 
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Supplementary Figure 10. Significant correlation between the frequencies of       CD4+CXCR5+PD-
1+ICOS+ activated Tfh cells and CD27++CD38++ plasmablasts in peripheral blood. All samples 
analyzed (n=220) were pooled for the analysis. 
 

 


