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SUPPLEMENTARY MATERIALS AND METHODS 

 

Risk of symptomatic T1D at each disease stage. For children screened for genetic risk at 

birth who seroconvert (i.e., develop 2 or more T1D-autoAb), the 5-year and 10-year risks of 

symptomatic disease are approximately 44% and 70%, respectively, and the lifetime risk 

approaches 100%. The risk at this stage is quite similar in genetically at-risk children and in 

relatives of individuals with type 1 diabetes. For subjects autoAb positive and with impaired 

glucose tolerance, the 5-year risk of symptomatic disease is approximately 75%, and the 

lifetime risk approaches 100%. The impact of HLA and non-HLA genetic risk is observed 

in relatives of individuals with type 1 diabetes, who have a 10-fold to more than 100-fold 

greater risk than the general population. There is therefore a pre-symptomatic stage defined 

as the presence of non-HLA single nucleotide polymorphisms and risk allele scores that have 

been used to stratify risk for both developing islet autoantibodies and progressing from islet 

autoimmunity to symptomatic T1D (1).  

 In 2015, the Juvenile Diabetes Research Foundation (JDRF), the Endocrine Society 

and the American Diabetes Association (ADA) endorsed the adoption of a new staging 

classification system in T1D (2), which was not however used in our study. 

 

TrialNet studies and data collection. Standard 2-hours oral glucose test tolerance (OGTT) 

and complete blood counts (CBC) measurements were collected from subjects enrolled in 

the following TrialNet intervention studies before any treatment administration. 

TN10: This 2 arm, multi-center, 1:1 randomized, placebo-controlled phase 2 clinical trial 

was designed to test the drug teplizumab (Anti-CD3) to determine whether it can delay or 

prevent stage 2 T1D from progressing to clinical diagnosis (stage 3) (ClinicalTrials.gov 

identifier #NCT01030861). This study is based on previous clinical trials in which 
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teplizumab sustained insulin production in subjects with a new T1D clinical diagnosis (stage 

3) (3). Data from 71 subjects (out of total 76 enrolled) were included in the current work. 

TN18: This 2 arm, multi-center, 1:1 randomized, placebo-controlled phase 2 clinical trial 

was designed to test the drug abatacept (CTLA-4Ig) to determine whether it can delay or 

prevent early T1D (stage 1) from progressing to stage 2 and ultimately prevent clinical 

diagnosis (stage 3) (ClinicalTrials.gov identifier #NCT01773707). This study is based on an 

earlier clinical trial in which abatacept improved insulin production and delayed insulin loss 

in subjects with a new T1D clinical diagnosis (stage 3) (4). Data from 139 subjects (out of 

total 151 enrolled) were included in the current work. 

TN20: This 2 arm, multi-center, randomized, open-labeled clinical trial was designed to 

assess the effects of varying doses and schedules of oral insulin on immunological and 

metabolic markers in relatives at risk for T1D (ClinicalTrials.gov identifier 

#NCT02580877). This study is based on an earlier trial in which administration of oral 

insulin in a subgroup of subjects at risk of developing T1D lead to delayed  T1D 

development (5). Data from 79 subjects (out of total 92 enrolled) were included in the current 

work. 

 OGTT measures were performed centrally in a reference lab while CBC were taken 

locally in each recruiting TrialNet clinical center. 

 Inclusion criteria for the abovementioned intervention clinical trials are listed in 

Table S1. Characteristics of the subjects enrolled in the studies and of whom OGTT and 

CBC data were recovered are listed in Table S2. 

 Subjects were enrolled in the Type 1 Diabetes TrialNet Pathway to Prevention Trial 

(TN01) at the TrialNet Clinical Center of the San Raffaele Hospital. The study was approved 

by the San Raffaele Hospital Ethics Committee (protocol: NHPROT32803-TN01). The 

overall objective of this study is to perform baseline and repeated assessments over time of 
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the immunologic and metabolic status of individuals at risk for T1D (ClinicalTrials.gov 

identifier #NCT00097292). Briefly, first (age 1 – 45 years) and second degree relatives (age 

1 – 20 years) of patients with T1D can be enrolled in TN01, that is divided into screening 

and monitoring stages. The screening stage involves measurement of GAD65A, IA-2A, and 

mIAA, (with a positive result for any of these leading to measurement of ICA and ZnT8A) 

to determine whether the participant is eligible for the monitoring stage. Participants will be 

eligible for monitoring if they have at least two positive autoantibodies on a screening 

sample or at least one positive autoantibody on two separate screening samples. The baseline 

monitoring visit for those with a single confirmed antibody will include an OGTT, HbA1c 

level, and testing for autoantibodies (autoAb).  Further follow-up in the monitoring stage 

depends on the estimated 5-year risk for diabetes according to results of the baseline 

monitoring and autoantibody tests during the Screening stage.  Annual monitoring by an 

HbA1c level and autoAb is carried out in participants at lower diabetes risk. Semi-annual 

monitoring by an OGTT, HbA1c level and autoAb will occur in participants at higher 

diabetes risk. Participants in the Annual Monitoring Group enter the semi-annual monitoring 

group if they develop ≥ 2 positive autoantibodies, an HbA1c ≥ 6.0%, or an increase in HbA1c 

level ≥ 0.5% from the last test.  All immunological and metabolic tests are performed at a 

central core laboratory and deposited in a data repository accessible to all TrialNet 

investigators. In addition to study-related tests, we have a local mechanistic study (approved 

by the TrialNet Ancillary Studies Subcommittee on January 2012) that allows performance 

of CBC measurements in all TN01-enrolled subjects. CBC were all performed by the 

automated haematology analyser Sysmex XE-2100 at the San Raffaele Hospital. 

 Characteristics of the subjects enrolled in the studies and of whom OGTT and CBC 

data were recovered are listed in Table S9. 
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Image acquisition and analysis. Images of FFPE pancreatic sections analyzed by 

immunohistochemistry were acquired using an upright NIKON Eclipse Ni-U microscope 

(Nikon Instruments Inc, Melville, NY, USA) equipped with DS-Ri2 camera (Nikon) and 

analyzed with NIS-Elements Analysis D v4.40 software.   

 Images of FFPE sections analyzed by immunofluorescence were obtained with a 

HCX PL APO λblue 40X (NA 1.4) Oil on a TCS SP5 Laser Scanning Confocal microscope, 

equipped with 405nm (Diode) 458nm, 476nm, 488nm, 496nm, 514nm (Ar) 543nm (HeNe) 

633nm (HeNe) lasers, and analyzed with Las AF software (Laser Advanced fluorescence 

2.6.0.7266, Leica Microsystem).  

 For all sections analyzed, the number of MPO positive cells was quantified by 

manually count (by the same operator) and each pancreatic section area was determined by 

observing slides at low magnification (4X) using NIKON Eclipse Ni-U microscope and NIS-

Elements Analysis software (Nikon). Finally, the ratio between the number of MPO positive 

cells and the section area was calculated. 

 

Neutrophil collection and processing. Peripheral blood from non-diabetic control subjects 

was collected from those donors undergoing surgery at the San Raffaele Orthopedic 

Pediatric Department. Peripheral blood was collected from patients at T1D onset (i.e., within 

10 days from first insulin injection) hospitalized at the San Raffaele Pediatric Department. 

The study was approved by the San Raffaele Hospital Ethic Committee (IRB#DRI-003). At 

risk subjects were enrolled in the Type 1 Diabetes TrialNet Pathway to Prevention Trial 

(TN01) at the TrialNet Clinical Center of the San Raffaele Hospital. The study was approved 

by the San Raffaele Hospital Ethics Committee (IRB# NHPROT32803-TN01) and 
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peripheral blood was also collected for mechanistic studies (approved by the TrialNet 

Ancillary Studies Subcommittee on January 2012). Parents of all subjects included in this 

study signed the informed consent prior to blood donation. Detailed donor characteristics 

can be found in Table S15. 

 Whole blood was collected in sodium EDTA tubes, and processed for neutrophil 

purification as previously described (6). Neutrophil purity was assessed by hemocytometer 

and samples with a purity less than 90% were discarded. Purified neutrophils were lysed in 

TRIzol reagent (Sigma Aldrich, St Louis, MO) for RNA isolation following manufacturer 

instructions. RNA samples were treated with DNase I (Sigma Aldrich) to remove genomic 

DNA contamination. RNA quality was assessed by a 2100 Bioanalyzer (Agilent 

Technologies). Samples with RNA integrity number (RIN) >7 were processed for library 

preparation and RNA-sequencing. 

 

RNA sequencing data analysis. Raw Illumina format PE data sets were simultaneously 

filtered for reads containing base calls with phred scores <20, demultiplexed into constituent 

sublibraries based on in-line bar codes and converted into FASTQ format using the genome 

analyzer pipeline software CASAVA version 1.8.1. 

 FASTQ reads were trimmed in a local Galaxy server in two steps: 1) hard-trimming 

to remove 1 3'-end base; 2) quality trimming from both ends until minimum base quality for 

each read ≥ 30 (FASTQ Quality Trimmer tool, v.1.0.0 (7, 8). Reads were aligned in Galaxy 

using Bowtie and TopHat v.1.4.0 (9). Read counts per Ensembl gene ID were estimated in 

Galaxy using htseq-count v.0.4.1 (10). Sequencing, alignment, and quantitation metrics were 

obtained for FASTQ, BAM/SAM, and count files in Galaxy using FastQC, Picard v. 1.128, 

TopHat, Samtools v. 0.1.18, and htseq-count (7–10).  
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 All RNA-seq samples passed quality controls, based on having greater than 5 million 

total reads, more than 75% of reads aligned to the reference genome, and median coefficient 

of variation of read coverage less than 1.  We trimmed the dataset to include only protein-

coding genes, and normalized counts using the trimmed mean of M values (11) as 

implemented in the BioConductor package edgeR; this algorithm accounts for sequencing 

depth while allowing differences in library size based on the assumption that most genes are 

not differentially expressed.  We included genes in analyses if they had greater than 1 count 

per million in at least 15% of the libraries. Sample identity was verified by comparing patient 

gender to chromosomal sex determined from the log-transformed ratio of X-chromosome 

reads to Y-chromosome reads.  We excluded two mis-matched samples identified by this 

step, after confirmation using SNP comparison to another sample from one of the patients. 

Differential expression of individual genes was assessed using limma and voom (12, 13); 

these methods account for heterogeneity of variance among genes, incorporate sample-level 

weights, and moderate test statistics across genes. We used a Benjamin-Hochberg adjusted 

p-value threshold of 0.1 to determine significance. All models included patient sex as a 

covariate. Inclusion of patient age and/or sample purity did not substantially alter the results.  

Hierarchical clustering of samples and genes used the complete linkage method as 

implemented in R’s hclust function. 

 Principal component analysis (PCA) revealed some samples that were markedly 

different from the majority of the samples.  To ensure that our results were not driven by 

outliers, we ran analyses with and without these anomalous samples; results were very 

similar for the two cases. 

 Neutrophil purity is an important variable to be considered when looking at 

transcriptomic data (14). To ensure that contamination by eosinophils was not influencing 

our results, we ran models with eosinophil percentage as a covariate, reran analyses 
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excluding samples with eosinophil contamination above 6.5%, and tested for correlations 

between differentially expressed genes and eosinophil percentage. It was indeed shown that 

low numbers (5%-6%) of contaminating leukocytes in neutrophil preparations contribute 

very little to the overall gene expression profile of cytokine-stimulated neutrophils (14). In 

all cases, results indicated that eosinophils were not driving the results. 

 Functional enrichment analysis was conducted with DAVID v. 6.8 (15), using lists 

of differentially expressed genes as described above. Interferon-associated genes were 

determined by membership in interferon-related gene ontology (GO) terms.   

 To obtain insights on the altered pathway in purified neutrophils, differentially 

expressed biological processes and molecular functions were investigated through functional 

annotation analysis with DAVID v. 6.8 and Cytoscape 3.2 (16) along with KEGGscape 

(0.7.1 version), CytoKegg (1.0.1 version) and ReactomeFIPlugIn (6.1.0 version) plugins. 

The final pathway was built up by Illustrator CS4 (Adobe) on the basis of the “Influenza A 

pathway” (KEGG PATHWAY Database) and literature on interferon related genes (17). 

 We compared our interferon-associated transcriptional signature from purified 

neutrophils to published interferon signatures in T1D (18, 19), rheumatoid arthritis (RA) 

(20), and systemic lupus erythematosus (SLE) (21).  We used the Jaccard index (22) to 

quantify overlap between the signatures; this index ranges from 0 (no overlap) to 1 (perfect 

overlap). We determined significance of overlaps using Fisher’s exact test, with the total 

number of interferon-related genes set at 410 based on all genes associated with interferon-

related GO terms. To quantify expression of pre-defined gene sets, we calculated the median 

expression in each sample across all genes in the gene set. 

 Custom R codes were used to analyze RNA-seq data and they are available at GitHub 

(https://github.com/mjdufort/Battaglia_T1D_neutrophils). 
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HLA genotyping. Genomic DNA was extracted and purified using QIAamp DNA Blood 

Mini Kit (Qiagen, Germany) and Maxwell 16 Blood DNA Purification kit (Promega 

Corporation, U.S.A.). HLA-typing was performed in an European Federation for 

Immunogenetics (EFI) accredited laboratory at the Immuno-hematology and Transfusion 

Service of the San Raffaele Hospital. Complete HLA-DRB1-DQA1-DQB1 intermediate 

resolution typing was performed using the HISTO SPOT SSO System (HISTO SPOT typing 

kits, HISTO SPOT reagent kit, MR.SPOT processor and the HISTO MATCH interpretation 

software; BAG Health Care GmbH, Germany), according to the manufacturer’s protocol. 

For HLA-DRB1 and for HLA-DQA1/DQB1 the second and the second and third exon were 

amplified and analyzed, respectively. The intermediate typing results which did not belong 

to the Common and Well Defined Alleles (CWD) group were excluded. Allele 

Combinations were assessed in the IPD-IMGT/HLA database version 3.25.0. The HLA-

DRB1-DQA1-DQB1 haplotypes were determined by comparison of the phenotype with 

well-known haplotype frequencies without the family study (23). 

 

 

  



11 

REFERENCES  
 
1. Simmons KM, Michels AW. Type 1 diabetes: A predictable disease. World J. Diabetes 
2015;6(3):380–390. 
2. Insel RA et al. Staging presymptomatic type 1 diabetes: a scientific statement of JDRF, 
the Endocrine Society, and the American Diabetes Association. Diabetes Care 
2015;38(10):1964–1974. 
3. Herold KC et al. Teplizumab (anti-CD3 mAb) treatment preserves C-peptide responses 
in patients with new-onset type 1 diabetes in a randomized controlled trial: metabolic and 
immunologic features at baseline identify a subgroup of responders. Diabetes 
2013;62(11):3766–3774. 
4. Orban T et al. Co-stimulation modulation with abatacept in patients with recent-onset 
type 1 diabetes: a randomised, double-blind, placebo-controlled trial. Lancet 
2011;378(9789):412–419. 
5. Skyler JS et al. Effects of oral insulin in relatives of patients with type 1 diabetes: The 
Diabetes Prevention Trial--Type 1. Diabetes Care 2005;28(5):1068–1076. 
6. Evangelista V et al. Platelet/polymorphonuclear leukocyte interaction: P-selectin 
triggers protein-tyrosine phosphorylation-dependent CD11b/CD18 adhesion: role of 
PSGL-1 as a signaling molecule. Blood 1999;93(3):876–885. 
7. Langmead B, Trapnell C, Pop M, Salzberg SL. Ultrafast and memory-efficient 
alignment of short DNA sequences to the human genome.. Genome Biol. 2009;10(3):R25. 
8. Giardine B et al. Galaxy: a platform for interactive large-scale genome analysis. 
Genome Res. 2005;15(10):1451–1455. 
9. Trapnell C, Pachter L, Salzberg SL. TopHat: discovering splice junctions with RNA-
Seq. Bioinformatics 2009;25(9):1105–1111. 
10. Anders S, Pyl PT, Huber W. HTSeq — a Python framework to work with high-
throughput sequencing data. Bioinformatics 2015;31(2):166–169. 
11. Robinson MD, Oshlack A. A scaling normalization method for differential expression 
analysis of RNA-seq data. Genome Biol. 2010;11(3):R25. 
12. Law CW, Chen Y, Shi W, Smyth GK. voom: Precision weights unlock linear model 
analysis tools for RNA-seq read counts. Genome Biol. 2014;15(2):R29. 
13. Ritchie ME et al. limma powers differential expression analyses for RNA-sequencing 
and microarray studies. Nucleic Acids Res. 2015;43(7):e47. 
14. Thomas HB, Moots RJ, Edwards SW, Wright HL. Whose gene is it anyway? the effect 
of preparation purity on neutrophil transcriptome studies. PLoS One 2015;10(9):e0138982. 
15. Huang DW et al. Extracting biological meaning from large gene lists with DAVID. 
Curr Protoc Bioinformatics 2009;Chapter 13:Unit 13.11. 
16. Shannon P et al. Cytoscape: a software environment for integrated models of 
biomolecular interaction networks. Genome Res. 2003;13(11):2498–2504. 
17. Cliff JM, Kaufmann SHE, McShane H, van Helden P, O’Garra A. The human immune 
response to tuberculosis and its treatment: a view from the blood. Immunol. Rev. 
2015;264(1):88–102. 
18. Ferreira RC et al. A type I interferon transcriptional signature precedes autoimmunity 
in children genetically at risk for type 1 diabetes. Diabetes 2014;63(7):2538–2550. 
19. Kallionpää H et al. Innate immune activity is detected prior to seroconversion in 
children with HLA-conferred type 1 diabetes susceptibility. Diabetes 2014;63(7):2402–
2414. 
20. Lübbers J et al. The type I IFN signature as a biomarker of preclinical rheumatoid 
arthritis. Ann. Rheum. Dis. 2013;72(5):776–780. 
21. Garcia-Romo GS et al. Netting neutrophils are major inducers of type I IFN production 



12 

in pediatric systemic lupus erythematosus. Sci. Transl. Med. 2011;3(73):73ra20. 
22. Jaccard P. The distribution of the flora in the alpine zone. New Phytol. 1912;11(2):37–
50. 
23. Klitz W et al. New HLA haplotype frequency reference standards: high-resolution and 
large sample typing of HLA DR-DQ haplotypes in a sample of European Americans. 
Tissue Antigens 2003;62(4):296–307. 
 
  



13 

Members of the DRI_Biorepository Group 
Eleonora Bianconi (TrialNet Clinical Center - San Raffaele Hospital, Milano), Riccardo 
Bonfanti (San Raffaele Hospital, Milano), Clara Bonura (San Raffaele Hospital, Milano), 
Maurizio De Pellegrin (San Raffaele Hospital, Milano), Giulio Frontino (San Raffaele 
Hospital, Milano), Pauline Grogan (TrialNet Clinical Center - San Raffaele Hospital, 
Milano), Andrea Laurenzi (San Raffaele Hospital, Milano), Franco Meschi (San Raffaele 
Hospital, Milano), Francesca Ragogna (TrialNet Clinical Center - San Raffaele Hospital, 
Milano), Andrea Rigamonti (San Raffaele Hospital, Milano). 
 

Members of the Type 1 Diabetes TrialNet Study Group 
Steering Committee: C. J. Greenbaum, Chair (Benaroya Research Institute), M. Atkinson 
(University of Florida), D. Baidal (University of Miami), M. Battaglia (San Raffaele 
Diabetes Research Institute), D. Becker (University of Pittsburgh), P. Bingley (University 
of Bristol), E. Bosi (San Raffaele University), J. Buckner (Benaroya Research Institute), M. 
Clements (Children’s Mercy Hospital), P. Colman (Walter & Eliza Hall Institute of Medical 
Research), L. DiMeglio (Indiana University), S. Gitelman, (University of California, San 
Francisco), R. Goland (Columbia University), P. Gottlieb (University of Colorado Barbara 
Davis Center for Childhood Diabetes),  K. Herold (Yale University), M. Knip (University 
of Helsinki), J. Krischer (University of South Florida), A. Lernmark (Skane University), W. 
Moore (Children’s Mercy Hospital), A. Moran (University of Minnesota), A. Muir (Emory 
University), J. Palmer (University of Washington), M. Peakman (King’s College), L. 
Philipson (University of Chicago), P. Raskin (University of Texas Southwestern), M. 
Redondo (Baylor University), H. Rodriguez (University of South Florida), W. Russell 
(Vanderbilt University), L. Spain (National Institute of Diabetes and Digestive and Kidney 
Diseases [NIDDK]), D.A. Schatz (University of Florida), J. Sosenko (University of Miami), 
J. Wentworth (Walter & Eliza Hall Institute of Medical Research), D.  Wherrett (University 
of Toronto), D. Wilson (Stanford University), W. Winter (University of Florida), A. Ziegler 
(Technical University Munich).  Past Members:  M. Anderson (University of California, San 
Francisco), P. Antinozzi (Wake Forest University), C. Benoist (Joslin Diabetes Center), J. 
Blum (Indiana University), K. Bourcier, P. Chase (University of Colorado Barbara Davis 
Center for Childhood Diabetes), M. Clare-Salzler (University of Florida), R. Clynes 
(Columbia University), G. Eisenbarth (University of Colorado Barbara Davis Center for 
Childhood Diabetes), C. G. Fathman (Stanford University), G. Grave (National Institute of 
Child Health and Human Development), B. Hering (University of Minnesota), R. Insel 
(Juvenile Diabetes Research Foundation), F. Kaufman (Children’s Hospital Los Angeles), 
T. Kay (St Vincent’s Institute of Medical Research), E. Leschek (NIDDK), J. Mahon 
(University of Western Ontario), J.B. Marks (University of Miami), K. Nanto-Salonen 
(University of Turku), G. Nepom (Benaroya Research Institute), T. Orban (Joslin Diabetes 
Center), R. Parkman (Children’s Hospital Los Angeles), M. Pescovitz (Indiana University),  
J. Peyman (National Institute of Allergy and Infectious Disease), A. Pugliese (University of 
Miami),  B. Roep (Leiden University Medical Center), M. Roncarolo (San Raffaele 
University), P. Savage (NIDDK), O. Simell (University of Turku), R. Sherwin (Yale 
University), M. Siegelman (University of Texas Southwestern), J.S. Skyler (University of 
Miami), A. Steck (University of Colorado Barbara Davis Center for Childhood Diabetes), J. 
Thomas (Vanderbilt University), M. Trucco (University of Pittsburgh), J. Wagner 
(University of Minnesota).   
 
Executive Committee:  Carla J. Greenbaum, Jeffrey P. Krischer, Ellen Leschek, Lisa Rafkin, 
Lisa Spain.  Past Members: Katarzyna Bourcier, Catherine Cowie, Mary Foulkes, Richard 



14 

Insel, Heidi Krause- Steinrauf, John M. Lachin, Saul Malozowski, John Peyman, John 
Ridge, Peter Savage, Jay S. Skyler, Stephanie J. Zafonte. 
 
Chairman's Office: Carla J. Greenbaum, Lisa Rafkin, Jay M. Sosenko. Past Member: Jay S. 
Skyler, Norma S. Kenyon, Irene Santiago. 
 
TrialNet Coordinating Center (University of South Florida): Jeffrey P. Krischer, Brian 
Bundy, Michael Abbondondolo, Timothy Adams, Ilma Asif, Matthew Boonstra, Brian 
Bundy, David Cuthbertson, Christopher Eberhard, Steve Fiske, Julie Ford, Jennifer 
Garmeson, Heather Guillette, Susan Geyer, Brian Hays, Courtney Henderson, Martha 
Henry, Kathleen Heyman, Belinda Hsiao, Kaleena Dezsi, Christina Karges, Amanda 
Kinderman, Lindsay Lane, Ashley Leinbach, Shu Liu, Jennifer Lloyd, Jamie Malloy, Kristin 
Maddox, Julie Martin, Jessica Miller, Eric Milliot, Margaret Moore, Sarah Muller, Thuy 
Nguyen, Jodie Nunez, Ryan O’Donnell, Melissa Parker, MJ Pereyra, Nichole Reed, Tina 
Stavros, Roy Tamura, Keith Wood, Rebecca Wood, Ping Xu, Kenneth Young.  Past Staff 
Members: Persida Alies, Darlene Amado, Franz Badias, Aaron Baker, Monica Bassi, Craig 
Beam, David Boulware, London Bounmananh, Susan Bream, Cristina Burroughs, Mary 
Deemer, Doug Freeman, Jessica Gough, Jinin Ginem, Moriah Granger, Mary Holloway 
Michelle Kieffer, Page Lane, Pat Law, Cristin Linton, Lavanya Nallamshetty, Vanessa 
Oduah, Yazandra Parrimon, Kate Paulus, Jennifer Pilger, Joy Ramiro, AQesha Luvon Ritzie, 
Amy Roberts, Kelly Sadler,  Archana Sharma, Audrey Shor, Xiaohong Song, Amanda Terry, 
Jeanne Weinberger, Margaret Wootten. 
 
Previous Coordinating Center (George Washington University):  John M. Lachin, Mary 
Foulkes, Pamela Harding, Heidi Krause-Steinrauf, Susan McDonough, Paula F. McGee, 
Kimberly Owens Hess, Donna Phoebus, Scott Quinlan, Erica Raiden.  
 
TrialNet Clinical Network HUB (Benaroya Research Institute): Carla J. Greenbaum, Emily 
Batts, Chris Buddy, Julie Hunt, Kristin Kirpatrick, Mary Ramey, Ann Shultz, Chris Webb, 
Past Member: Melita Romasco. 
 
NIDDK Staff: Judith Fradkin, Ellen Leschek, Lisa Spain.  Past Member:  Peter Savage. 
 
Data Safety and Monitoring Board: Sean Aas (Georgetown University), Emily Blumberg 
(University of Pennsylvania), Chair, Gerald Beck (Cleveland Clinic), Rose Gubitosi-Klug 
(Case Western Reserve), Lori Laffel (Joslin Diabetes Center), Sean Aas (Georgetown 
University), Robert Vigersky (Medtronic), Dennis Wallace (Research Triangle Institute).  
Past Members: Jonathan Braun (University of California Los Angeles), David Brillon 
(Cornell University), Ake Lernmark (Lund University), Bernard Lo (University of 
California San Francisco), Herman Mitchell (Rho Inc.), Ali Naji (University of 
Pennsylvania), Jorn Nerup (University of Copenhagen), Trevor Orchard (University of 
Pittsburgh), Michael Steffes (University of Minnesota), Anastasios Tsiatis (North Carolina 
State University), Robert Veatch (Georgetown University), Bernard Zinman (University of 
Toronto).   
 
Infectious Disease Safety Committee: Brett Loechelt (Children's National Medical Center) 
(Medical Monitor), Lindsey Baden (Harvard University), Michael Green (University of 
Pittsburgh), Adriana Weinberg (University of Colorado).  
 



15 

Laboratory Directors: Santica Marcovina (University of Washington), Jerry P. Palmer, 
Adriana Weinberg, Liping Yu (University of Colorado Barbara Davis Center for Childhood 
Diabetes), Sunanda Babu (University of Colorado Barbara Davis Center for Childhood 
Diabetes) William Winter (University of Florida). Past Member: George S. Eisenbarth (late). 
 
Personnel at Sites Participating in the TN10, TN18, TN20 Trials 
Alberta Children’s Hospital/University of Calgary-C. Huang, S. Butalia, C. Gougeon, J. 
Ho, D. Pacaud; Barbara Davis Center for Childhood Diabetes-P.  Gottlieb, A. Steck, M. 
Barr, S. Barry, A. Blau, C. Brill, B. Burke, P. Chase, A. Conley, K. Deane, D. 
DiDomenico, M. Drye, V. Gage,  S. Garg, H. Goettle, W. Kastelic, J. Lehr, J. Lungaro, J. 
Lykens, D. Maahs, H. Maurer, L. Meyers, A Michels, A. Proto, D. Reed, J. Ruck, A. 
Schauwecker, M. Schwartz, V. Shah, K Simmons,  J. Smith, C. Striebich, M. VanDyke, P. 
Wadwa, A. Wallace, K. Weiner, A. Westerman; Baylor College of Medicine-M. Redondo, 
D. DeSalvo, D. Gomez, R. Hudson, J. Kushner, Andrene McDonald, S. Pena, M. 
Pietropaolo, K. Shippy;  Benaroya Research Institute-C. Greenbaum, L. Allen, E. Batts, T. 
Brown, J. Buckner, E. Graziano, W. Hao, J. Klein, K. Kuhns, S. Lamola, M. Lettau, S. 
Lord, L. Miller, J. Odegard, M. McCulloch-Olson, M. Ramey, M. Romasco, E. Sachter, S. 
Sanda, A. Schultz, M. St. Marie, N. Tobin, C. Tordillos, D. VanBuecken, K. Varner, B. 
Vellek, H. Vendettuoli, M. Vizzutti, N. Wickstrom; Birmingham Children's Hospital-M. 
Kershaw, K. Aston, T. Barrett, L. Cooper, L. Makusha, F. Okwu;  Brighton Sussex 
University Hospitals- S. Kanumakala, H. Apperley, R. Ramsay, V. Richmond; S. 
Sobowiec Kouman, L. Symes, S. Veleshala;  Central Manchester University Hospitals-I. 
Doughty, L. Leelarathna, T. Turgut; Children’s Hospital Buffalo-T. Quattrin, C. Albini, K. 
Bethin, J. Buchlis,  M. Ecker, S. Fourtner, L. Gartner, A. House, I. Majumdar, L. 
Mastandrea, S. Michalovic, W. Musial, B. Shine;  Children’s Hospital Los Angeles-R. 
Monzavi, B. Ichihara, D. Bisno, L Fisher, M. Halvorson, K. Kwan, J. Raymond, J. Wood, 
A. Woods;  Children’s Hospital of Orange County-M. Daniels, A. Bhangoo, T. Flaherty, 
N. Forghani, K. Lane, R. Quintana, C. Reh, H. Speer, L. Trihn;  Children’s Hospital of 
Philadelphia-L. Katz, A. Ackermann, B. Schwartzman; Children’s Mercy Hospital-M. 
Clements, W. Moore, G. Babar, J. Broussard, J. Cernich, Max Feldt, H. Harding, L. 
Hester, T. Luetjen, R. McDonough, E. Paprocki, N. Raje, A. Turpin, F. Ugrasbul, M. 
Whisenhunt;  Children’s Research Institute Nationwide-R. Hoffman, B. Bowen, K. Carter; 
Christ Church Hospital-R. Scott, S. Russell, S. Bailey, J. Kerr, S. Maeder, Z. Morrison, J. 
Willis;  Cincinnati Children’s Hospital-N. Crimmins, D. Elder, C. Schultz, N. Sheanon, T. 
Weis;  Cleveland Clinic Foundation- D. Rogers, A. Bellar; C. Marhorter, C. Switzer;  
Columbia University-R. Goland, M. Bogun, S. Cook, G. Dinapoli, M. Freeby, M. 
Gallagher, R. Gandica, E. Greenberg, A. Kurland, N. Leibel, Z. Parra, S. Pollak, K. Pope, 
B. Softness, K. Williams, A. Wolk;  Cotton-O'Neil Clinical RC- N. Tahseen, C. Burns, H. 
Moore, A. Wynne;  Diabetes Research-MMRI- A. Cotterill, M. Harris, N. D'Silva, J. 
Kirby, A. Schmidt;  East Tennessee Childrens Hospital-D. Nickels, E. Wirthwein, R. Joshi 
Batajoo, C. Dothard, J. Kerrigan, C. Tapiador;  Emory University-A. Muir, T. Brown, T. 
Clark-Stuart, K. Cossen, D. Fadoju, E. Felner, G. Greber, E. Ivie, M. Jenkins, L. Kwapi, K. 
Lindsley, L. Panagiotakopoulos, W. Sanchez,  R. Tate;   Endocrinology Specialists-S. 
Weber, S. Parker; Harrogate District Hospital-P. Hammond, S. Rahman, L. Dinning, A. 
Min, C. Morgan, S. Ray; Horizon View Medical Center-R. Saad, T. Briones; Hospital 
District of Southwest Finland-J. Toppari, A. Adamsson, S, Jokipuu, L. Karlsson, J. Kerro, 
P. Rajala, E. Ruohonen, S. Simell, M. Torma;  Hospital for Sick Children-D. Wherrett, D. 
Dias, L. Eisel, J. Harrington, R. Kovalakovska, M. Mehan, M. Palmert, B. Perro, M. Ricci, 
F. Sultan;  Indiana University-L. DiMeglio, J. Blum, V. Davies, L. DeYampert, E. 
Dykstra, E. Eugster, C. Evans-Molina, L. Ford, J. Fuqua, N. Haddad, T. Hannon, D. 



16 

Hansen, M. Hildinger, R. Hufferd, E. Imel, B. Jagielo, N. Johnson, B. Kost, C. Kruse, M. 
Mantravadi, E. Melvin, R. Mirmira, M. Mullen, Z. Nabhan, T. Nebesio, A. Newnum, V. 
Patrick, D. Purtlebaugh, M. Rigby, J. Sanchez, E. Sims, M. Spall, K. Swinney, J. Terrell, 
E. Walvoord, K. Wendholt, S. Woerner;  Joslin Diabetes Center-J. Gaglia, N. Bryant, R. 
Jackson, N. Koshy, S. Krischfield, M. Migre,  B. Resnick, S. Szubowicz, J. Turley, G. 
Weir;  Lurie Children’s Memorial Hospital of Chicago-W. Brickman, J. Howard, L. 
Miller, P. Petrie, L. Torchen, D. Zimmerman;  Medical College of Wisconsin-S. Cabrera, 
O. Ali, C. Beesley, R. Fiallo-Scharer, J. Kramer, P. Wolfgram;  Nottingham University 
Hospital-L. Denvir, P. Mansell, L. Crate, H. Gan, K. Kathangnany, Z. Mohamed, T. 
Randell, A. Richardson, P. Sachdev, M. Saxton, S. Stafford;  Palm Research Center-S. 
Nakhle, T. Cooper, L. Cortes, L. Duff, L. Elio, L. Fedorchenko, R. Goulet-Ingram, S. 
Hollis, C. Hyderkhan, M. Hyderkhan, S. Klugh, A. Monrreal, E. Neylon, M. O’Sullivan, 
B. Palal, S. Poynor, M. Ramos, A. Rosario, A. Soto, P. Torres, M. Valle, N. Vernetti, K. 
Westerman;  Ped Endo and Clinical Genetics-D. Domek, S. Domek, S. Dickenson, S. 
Reyes; Pediatric Endocrinology, Greenville Hospital System-B. Nelson, J. Amrhein, C. 
Frost, M. Garganta, D. Hannah, L. Looper, E. Moreland, C. Owens, J. Peggram, J. Phillips, 
E. Reifeis, A. Smith, B. Weir, L. Wise;  Plymouth Diabetes Research Unit-P. English, G. 
Selby, L. Crate, M. Clapham, N. Setty; Rocky Mountain Diabetes and Osteoporosis 
Center-D. Liljenquist, K. Barbieri, J. Williams; Royal Belfast Hospital for Sick Children-
N. Abid, M. McCann, O. McGlone;  San Raffaele Hospital-E. Bosi, M. Battaglia, E. 
Bianconi, A. Bolla, C. Bonura, A. Caretto, D. Giri, P. Grogan, A. Laurenzi, S. 
Martinenghi, C. Molinari, M. Pastore, A. Petrelli;  Seattle Children’s Hospital-C. Pihoker, 
E. Alving, S. Benitez, C. DiBlasi, P. Fetcher, S. Kearns, I. Koves,  M. Klingsheim, F. 
Malik, D. Nandi-Munshi, K. Ness, C. Roth, P. Salehi, C. Taplin;  Skane University 
Hospital SUS- Sweden M. Lundgren, L. Ahlkvist, J. Akerstrom Kordel, B. Gustavsson;  
Stanford University-D Wilson, T. Aye, K. Barahona, L. Bachrach, B. Buckingham, D. 
DeSalvo, O. Espinoza, T. Esrey, R. Kumar, C. Lande, L. Nally, P. Patel, A. Shah, S. Shah, 
A. Soto, N. Stenerson;  SUNY Upstate Medical Center-A. Mojica-Sanabria, L. Agostini, J. 
Bulger, S. Bzdick, P. Conboy, R. Izquierdo, A. Khokhar, R. Weinstock;  Sutter Institute 
for Medical Research-G. Prakasam, N. Marlen, U. Nadgir, K. Olsen-Wilson; Taunton & 
Somerset NHS Foundation Trust-I. Douek, G. Modgil; Technical University of Munich-A. 
Ziegler, P. Achenbach, S. Aydin, M. Bunk, A. Durmashkina, F. Haupt, M. Heinrich, M. 
Herbst, S. Hivner, A. Hofelich, N. Lagoda, N. Maison, E. Mau, C. Ramminger, C. 
Sebelefsky, K. Warncke, S. Zilmer;  Trustees of Dartmouth College and Dartmouth 
Hitchcock Med-S. Casella, C. Herz, K. Walsh; University of Bristol-P. Bingley, C. Balin, 
C. Barber, T. Bingham, C. Burren, H. Castleden, N. Fineman, C. Gillum, T. Hughes, G. 
Kaur, Y. Liu, J. Metz, P. Munoz, S. Loud, C. Pope, C. Rouquette, B. Thorne, C. White, G. 
Williams; University of California San Francisco-S. Gitelman, S. Adi, M. Anderson, G. 
Auerback, A. Berhel, E. Bomberg, K. Breen, J. Buchanan, A. Erkin-Cakmak, C. Ferrara, 
K. Fraser, A. Gerard-Gonzalez, S. Ghods, L. Hamid, C. Hamilton, L. Hawkins, A. Huang, 
A. Jain, P. Jossan, K. Ko, J. Lee, R. Long, R. Lustig, S. Moassesfar, A. Mugg, D. Ng, C. 
O’Brien, L. Perl, S. Phelps, P. Prahalod, T. Rodriguez, S. Rosenthal, S. Sanda, C. Spann, 
L. Stiehl, J. Tarkoff, L. Taylor, C. Torok, M. Wertz, R. Wesch;  University of Cambridge-
F. Waldron-Lynch, C. Acerini, M. Evans, A. Ghezzi; University of Chicago-L. Philipson, 
G. Gannon, S. Greeley, L. Jones, H. Kolluri, E. Littlejohn, K. Mansell, M. Miller, T. 
Pearson, M. Pusinelli, S. Warnes; University of Florida-D. Schatz, A. Abraham, A. 
Albanese-O’Neill, M. Cintron, M.  Clare-Salzler, G. Cole, R. Cook, J. Ferguson, M. 
Haller, E. Hicks, P. Hiers, J. Hosford, L. Jacobsen, P. Towe, J. Marks, C. Meehan, G. 
Paguio, H. Rohrs, M. Smith, J. Silverstein, J. Thomas, W. Winter, C. Zimmerman;  
University of Helsinki-M. Knip, M. Hero, M. Hirvasniemi, S. Jaminki, E. Jason, S. 



17 

Johansson, P. Kalliola, K. Koski, M. Koski, N. Koskinen, J. Kytola, T. Laamanen, S. 
Laurinen, K. Luopajarvi, T. Mustila, M. Pekkola, K. Salonen, J. Selvenius, S. Siljamaki, H. 
Siljander, H. Suomalainen, A. Suomi, A. Tuomaala;  University of Iowa-E. Tsalikian, R. 
Bisbee, J. Cabbage, J. Coffey, S. Rosazza, S. Salamati, M. Tansey;  University of 
Louisville Pediatric Endocrinology-K. Wintergerst, M. Foster, S. Kingery, A. Omoruyi, G. 
Pierce, L. Rayborn, J. Sullivan, S. Watson; University of Miami-D. Baidal, L. Arazo, C. 
Blaschke, J. Marks, D. Matheson, J. Sanchez, J. Skyler, J. Sanchez, N. Sanders-Branca, J. 
Sosenko; University of Michigan-I. Thomas, R. Auchus, C. Burant, M. Chen, A. Haddad, 
C. Martin, R. Menon, M. Pietropaolo, C. Plunkett, R. Pop-Busui, A. Soleimanpour, M. 
Wood;  University of Minnesota-T. Moran, T. Albright Fischer, A. Bartyzal, M. Bellin, M. 
Boes, N. Flaherty, C. Gibson, B. Hering, C. Kwong, Janice Leschyshyn, J. McVean, B. 
Nathan, B. Nelson, B. Pappenfus, S. Peterson Eck, J. Smith, A. Street, J. Sweet, J. Wagner, 
D. Weingartner;  University of North Carolina at Chapel Hill- A. Calikoglu, H. Brown, J. 
Buse, E. Debnam, M. Dezube, J. Diner, M. Duclos, V. Duncan, G. Fuller, C. Hart, M. 
Kirkman, J. Largay, J. Tricome;  University of Oklahoma-D. Sparling, K. Copeland, M. 
George; J. Less, J. Tryggstad, l. Weber; University of Pittsburgh-D. Becker, B. Copeman, 
K. DeLallo, A. Diaz, D. Groscost, N. Hecht-Baldauff, H. Ismail, M. Klein, I. Libman, B. 
Pasek, K. Riley, M. Trucco;  University of Texas Southwestern-P. Raskin, L. Boyles, A. 
Mohan, M. Pruneda, L. Schnurr-Breen, O. Smith, D. Sturges, N. Torres;  University of 
Utah-C. Foster, C. Davis, J. Langvardt, M. Murray, V. Raman, H. Slater, K. Wheeler;  
USF Pediatric Diabetes & Endocrine-H. Rodriguez, C. Bobik, S. Bollepalli, R. 
Brownstein, A. Castro, F. Diamond, E. Eyth, D. Gomez, D. Henson, P. Iyer, V. Jorgensen, 
N. Laine, D. Shulman, J. Steinbrueck, A. Terry, S. Tindell;  Vanderbilt Eskind Diabetes 
Clinic-W. Russell, K. Barnes, M. Black, A. Bremer, F. Brendle, A. Brown, B. Dixon, K. 
Flowers, A. Gregg, D. Moore, K. Olayinka, E. Pittel, A. Shannon, J. Thomas;  Virginia 
Commonwealth University-G. Francis, T. Le, S. Hagan, G. Henderson, M. Penn, E. 
Wickham; Walter and Eliza Hall Institute-P. Colman, J Wentworth, M. Bjorasen, C Breen, 
S. Fourlanos, J. French, L. Harrison, F Healy, S. Mesfin, E. Mohammed, L. Redl;  
Washington University-N. White, L. Levandoski; Women's & Children's Hospital, 
Adelaide-J. Couper, S. Beresford; Yale University School of Medicine-K. Herold, L. 
Feldman, K. Kunze, J. Sherr, R. Sherwin, W. Tamborlane, F. Waldron-Lynch, S. 
Weinzimer.   
 
Personnel at the San Raffaele Hospital site Participating in the TN01 Study 
E. Bosi, M. Battaglia, E. Bianconi, A. Bolla, C. Bonura, A. Caretto, D. Giri, P. Grogan, A. 
Laurenzi, S. Martinenghi, C. Molinari, M. Pastore, A. Petrelli.  



18 

SUPPLEMENTARY TABLES 

 
Table S1. Inclusion criteria TrialNet (TN)-intervention Studies 
autoAb: T1D auto antibody 
mIAA: anti-insulin autoAb 
OGTT: 2-hour oral glucose tolerance test 
 
  

TN10 
Teplizumab 
(anti-CD3) 

TN18  
Abatacept 
(CTLA4-Ig) 

TN20 
Oral insulin 

Age (yrs) ≥ 8 ≥ 6 ≥ 3 

AutoAb status 
      
 

≥ 2 ≥ 2 
excluding mIAA 

≥ 2 
one of which has to 
be mIAA 
 

OGTT Abnormal 
To confirm  
in those ≥ 18 yo 

Normal Normal 
Participants 3-7 yrs at 
time of 
randomization can 
have abnormal OGTT 
on most recent test 
 

Other 
      
 

Lymphocytes≥ 1,000/µL 
Neutrophils ≥ 1,500/µL 
Platelets ≥ 150,000/µL 
Hemoglobin ≥ 10g/dL 
AST or ALT ≤ 1.5xULN 
Total bilirubin ≤ 
1.5xULN 
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Table S2. Donor characteristics TrialNet (TN)-intervention Studies.  
TN10: Teplizumab (anti-CD3); TN18: Abatacept (CTLA4-Ig); TN20 (oral insulin) 
Chi-square and Kruskal-Wallis tests were used to assess differential distributions of categorical and 
continuous measures, respectively, between studies. 
 
 

Demographic Characteristic All subjects 
N=289 

TN10 
N=71 

TN18       
N=139 

 

TN20 
N=79 

p-value 

Age at randomization (yrs) 
     Median 
     Range 
  
     < 18 yrs old 
     ≥ 18 yrs old 

 
12.9 

3.0 - 53.1 
 

215 
74 

 
13.4 

8.1 - 49.4 
 

53 
18 

 
15.9 

6.8 - 53.1 
 

87 
52 

 
8.5 

3.0 - 43.6 
 

75 
4 

 
<0.0001 

 
 

<0.0001 

Sex  
     Female 
     Male 
     not reported 

 
140 
145 
4 

 
31 
37 
3 

 
75 
63 
1 

 
34 
45 
0 

 
 

0.067 

Race 
     White 
     Black/African American 

 Asian 
     Multiracial 
     Unknown or not reported 

 
271 
6 
3 
5 
5 

 
69 
0 
1 
1 
0 

 
129 
3 
1 
3 
3 

 
73 
3 
1 
1 
1 

 
 

0.82 

Ethnicity 
     Hispanic or Latino 
     Not Hispanic or Latino 
     Unknown or not reported 

 
22 

258 
9 

 
1 
65 
5 

 
15 

122 
2 

 
6 
71 
1 

 
 

0.026 
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Table S3. Metabolic and (partial) CBC characteristics of subjects enrolled in TrialNet (TN)-intervention 
Studies.  
TN10: Teplizumab (anti-CD3); TN18: Abatacept (CTLA4-Ig); TN20 (oral insulin).  
Chi-square and Kruskal-Wallis tests were used to assess differential distributions of categorical and 
continuous measures, respectively, between studies. 
 
 

Metabolic Characteristic All subjects 
N=289 

TN10 
N=71 

TN18       
N=139 

 

TN20 
N=79 

p-value 

Fasting glucose (mg/dL) 
     Median  
     Range 
     Missing 

 
91 

71-116 
1 

 
95.4 

82-116 
1 

 
90 

71-108 
0 

 
89 

71-103 
0 

 
<0.0001 

Fasting c-peptide (ng/dL) 
     Median 
     Range 

 Missing 

 
1.59 

 0.41-5.16 
 1 

 
1.59 

0.7-5.16 
1 

 
1.86 

0.54-4.19 
0 

 
1.04 

0.41-3.37 
0 

 
<0.0001 

Early c-peptide (ng/dL) 
(30-0 min) 
     Median 
     Range 
    Missing 

 
 

3.63 
-0.18 – 16.14 

1 

 
 

2.79 
-0.18 – 8.81 

1 

 
 

4.33 
0.51 – 12.5 

0 

 
 

2.63 
0.71 – 16.14 

0 

 
 

<0.0001 

Stimulated c-peptide 
(Mean AUC) 
     Median 
     Range 
    Missing 

 
 

5.45 
1.85-15.5 

1 

 
 

5.26 
1.85-13.75 

1 

 
 

6.51 
2.13 -14.6 

0 

 
 

4.14 
2.0-15.5 

0 

 
 

<0.0001 

Fasting insulin(µU/mL) 
    Median 
     Range 

 
76 

<0.5 – 122 

 
81 

<0.5 – 122 

 
80 

8 -–123 

 
64 

<0.5 – 123 

 
 

0.009 
2-hour glucose (mg/dL) 
     Median  
     Range 

 
115 

48 – 213 

 
152 

87 –213 

 
111 

48 –139 

 
109 

53 –199 

 
<0.0001 

HOMA-beta  
     Median  
     Range 

 
86 

3.2  – 544.5 

 
80.4 

3.2 – 433.6 

 
95.3 

32.3 – 544.5 

 
65.7 

4.5 – 530.2 

 
0.00012 

Index60 
     Median  
     Range 

 
0.13 

-3.7 – 2.96 

 
1.07 

-3.4 – 2.96 

 
-0.4 

-3.7 – 1.58 

 
0.51 

-3.6 – 2.66 

 
<0.0001 

Neutrophils (103 cells/µL) 
    Median 
     Range 
    Missing 

 
2.86 

0.64 – 10.7 
18 

 
2.85 

1.2 – 10.7 
1 

 
3.16 

0.64 - 8.2 
9 

 
2.64 

0.86 - 8.1 
8 

 
0.11 

Lymphocytes (103 cells/µL) 
    Median 
     Range 
    Missing 

 
2.01 

0.86 – 4.5 
1 

 
1.80 

1 – 4.05 
0 

 
1.94 

0.95 – 4.1 
1 

 
2.30 

0.86 – 4.5 
0 

 
 

0.0035 
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Table S4. Univariate correlation analysis for neutrophils or lymphocytes (log-transformed) and metabolic 
correlates. Statistically significant correlates are shown in red 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
* log-transformed 
 
 
 
  

         Neutrophils             Lymphocytes   
r p r p 

Fasting glucose 0.02 0.77 -0.18 0.002 

Fasting c-peptide* 
 

0.30 <0.0001 -0.12 0.046 

Early c-peptide  
(30-0 min) 
 

0.18 0.002 -0.004 0.94 

Stimulated c-peptide 
(Mean AUC )*    
                            

0.27 <0.0001 -0.11 0.062 

Fasting insulin 0.046 0.454 -0.15 0.012 

2-hour glucose 
 

-0.02 0.72 -0.07 0.23 

HOMA-beta* 
 

0.22 0.0003 0.01 0.82 

Index-60 
 

0.25 <0.0001 0.039 0.51 
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Table S5. Univariate correlation analysis for neutrophils (log-transformed) and clinical correlates. 
Statistically significant correlates are shown in red. 
 
 
 
  Characteristic r p 

 
Age  0.28 <0.0001 

Gender 
     Female 
     Male 
 

 
3.19 
2.65 

 
0.025 

Race  
     white vs non-white 
     hisp. vs non-hisp. 
 

  
0.51 
0.21 

BMI percentile 
(only for TN10 and TN18) 
 

0.24 0.0015 

Study (median) 
     TN10 
     TN18 
     TN20 

 
2.85 
3.16 
2.64 

 
 

0.11 
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Table S6. Multivariate correlation analysis for neutrophils (log transformed). BMI was collected only in 
TN10 and TN18. Statistically significant correlates are shown in red 
 
 
 

Factor Adjusting for  
age, sex, and protocol 
(TN10, TN18, TN20)  

n=289 

Adjusting for  
age, sex, protocol, and BMI% 

(TN10, TN18) 
n=210 

 Parameter Estimate 
(Std. error) 

p-value Parameter Estimate 
(Std. error) 

p-value 
 

Fasting C-peptide* 
 

0.26  
(0.07) 

0.0006 0.255 
(0.09) 

 

0.006 

Early C-peptide 
response 
 (30-0 minute) 
 

0.014  
(0.008) 

0.082 0.01 
 (0.01) 

0.30 

Stimulated C-peptide 
(Mean AUC c-pep)* 
 

0.20  
(0.06) 

0.0012 0.18  
(0.07) 

0.016 

HOMA-beta* 
 

0.09  
(0.03) 

 

0.003 0.065  
(0.04) 

0.10 

Index60 
 

-0.05  
(0.02) 

0.008 -0.03  
(0.02) 

0.11 

* log-transformed 
 
 
  



24 

Table S7. Multivariable estimated model results to evaluate the impact of fasting C-peptide on neutrophil 
counts. The final model - obtained with the backward selection procedure - is:   
 

log(𝑛𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙	𝑐𝑜𝑢𝑛𝑡)~1.134 + 0.195 log;𝐶𝑝𝑒𝑝𝑡𝑖𝑑𝑒>?@ABCDE
+ 0.0035Flog;𝐶𝑝𝑒𝑝𝑡𝑖𝑑𝑒>?@ABCDE 𝑥	𝑎𝑔𝑒	𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛J 

 
 
 

Parameter Estimate Std. Error p-value 
 

Intercept 1.134 0.07 <0.0001 
 

Fasting C-peptide 
 

0.195 0.08 
 

0.018 

Fasting C-peptide x age  0.0035 0.0016 0.028 
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Table S8. Multivariable estimated model results to evaluate the impact of stimulated C-peptide (mean 
AUC) on neutrophil counts. The final model - obtained with the backward selection procedure - is:   
 

log(𝑛𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙	𝑐𝑜𝑢𝑛𝑡)~1.305 − 0.006	𝐵𝑀𝐼	𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒
+ 0.0037[log(𝐶𝑝𝑒𝑝𝑡𝑖𝑑𝑒RS?C	TUV) 𝑥	𝐵𝑀𝐼	𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒	𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛] 

 
 
 

Parameter Estimate Std. Error p-value 
 

Intercept 
 

1.305 0.055 <0.0001 

BMI percentile 
 

-0.006 0.002 0.0065 

Stimulated C-peptide x BMI 
percentile  

0.0037 0.0009 0.0009 
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Table S9. Donor characteristics TN01 (Pathway to Prevention – Milan Site).  
autoAb: T1D auto-antibody 
Stable autoAb/OGTT: subjects who maintain the same autoAb number/OGTT status throughout the 
study 
Change of autoAb/OGTT Status: subjects who changed the autoAb number/ OGTT status throughout 
the study 
 
 
 

Characteristic 
 

# of subjects 
 

109 

Age at the first visit 
     median (range) 
Age > 18 yrs, n (%) 

15.07 
(2.8 – 45.8)  
42 (38.5%) 

Gender 
Females, n (%) 
Males, n (%) 

 
53 (48.62%) 
56 (51.38%) 

Race 
 White, n (%) 

 
109 (100%) 

Ethnicity  
 Hispanic or Latino, n (%) 
 Not Hispanic or Latino, n (%) 
 Unknown or not reported, n 

 
3 (2.78%) 

105(97.22%) 
1 

autoAb 
 Stable NEG, n (%) 
 Stable POS =1, n (%) 
 Stable POS ≥ 2, n (%) 
Change of autoAb status, n(%) 

 
5 (4.6%) 

45 (41.3%) 
39 (35.8%) 
20 (18.3%) 

OGTT  
 Stable Normal, n (%) 
 Stable Impaired, n (%)     
 Change of OGGT results, n(%) 

 
80 (73,4%) 
8 (7,3%) 

21 (19,3%) 
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Table S10. Observation characteristics TN01 (Pathway to Prevention – Milan Site) 
n= 303 observations from 109 subjects belonging to 101 families 
autoAb: T1D auto-antibody 
 
 
 

Characteristic median 
(range) 

 
# observations per subject 1 

(1 - 11) 
autoAb 
 NEG, n (%) 
 POS =1, n (%) 
 POS ≥ 2, n (%) 

 
36 (11.9%) 

131 (43.2%) 
136 (44.9%) 

Age 
 
 
Age > 18 yrs, n (%) 

16.6  
(2.8 - 49.9)  

 
133 (44%) 

Gender 
Females, n (%) 
Males, n (%) 

 
165 (54%) 
138 (46%) 

BMI percentile 44.71 
 (0.36 - 99.86) 

Race 
 White, n (%) 

 
303 (100%) 

Ethnicity  
 Hispanic or Latino, n (%) 
 Not Hispanic or Latino, n (%) 
 Unknown or not reported, n 

 
3 (1%) 

293 (99%) 
1 

OGTT Results 
 Normal, n (%) 
 Impaired, n (%)     
 Missing time point, n 

 
226 (76%) 
73 (24%) 

4 
Fasting glucose (mg/dL) 88  

(66 - 125) 
Fasting C-peptide (ng/mL) 
 

1.495 
(0.4 - 4.35) 

Early C-peptide 
(30-0 min) 

3.44 
(0.18 - 13.85) 

Stimulated C-peptide 
(Mean AUC) 

5.89  
(1.63 - 6.34) 

Fasting insulin (µU/mL) 6.45  
(1.1 - 33.35) 

2-hr glucose (mg/dL) 
 

112.0 
(55.0 – 244.0) 

Homa-beta 
 
 

94.71 
 (14.9 - 984.52) 

Index 60 -0.02 
(-4.59 – 3.11) 

Neutrophils (103 cells/µL) 3  
(0.5 - 10.74) 

Lymphocytes (103 cells/µL) 2  
(0.7- 5.4) 
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Table S11. Results of the longitudinal statistical analysis to evaluate the impact of fasting C-peptide on 
neutrophil counts. The final model - obtained with the backward selection procedure- is:  
 
𝑙𝑜𝑔(𝑛𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙	𝑐𝑜𝑢𝑛𝑡𝑠)

= 	0.611 + 	0.002(𝐵𝑀𝐼	𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒) + 0.264;𝑙𝑜𝑔(𝐹𝑎𝑠𝑡𝑖𝑛𝑔	𝐶-𝑝𝑒𝑝𝑡𝑖𝑑𝑒 + 1)E 
 

																									+0.005(𝑙𝑜𝑔(𝐹𝑎𝑠𝑡𝑖𝑛𝑔	𝐶-𝑝𝑒𝑝𝑡𝑖𝑑𝑒 + 1) ∗ 𝐴𝑔𝑒) 
 
 

Parameter Estimate Std.Error p-value 
 

Intercept 
 

0.002 0.093 <0.001 

BMI percentile 
 

0.002 0.001 0.023 

Fasting C-peptide  
 

0.264 0.117 0.026 

Fasting C-peptide x age  
 

0.005 0.002 0.030 
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Table S12. Results of the longitudinal statistical analysis to evaluate the impact of stimulated C-peptide 
(mean AUC) on neutrophil counts. The final model, obtained with the backward selection procedure, is:   
 
𝑙𝑜𝑔(𝑛𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙	𝑐𝑜𝑢𝑛𝑡𝑠) = 	0.886	 − 0.145(𝑀𝑎𝑙𝑒) − 0.015(𝐴𝑔𝑒) + 0.003(𝐵𝑀𝐼	𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒)

= 													+0.011(𝑙𝑜𝑔(𝑀𝑒𝑎𝑛	𝐴𝑈𝐶	𝐶-𝑝𝑒𝑝𝑡𝑖𝑑𝑒 + 1) ∗ 𝐴𝑔𝑒) 
 
 
 

Parameter Estimate Std.Error p-value 
 

Intercept 
 

0.886 0.072 <0.001 

Gender (Male) 
 

-0.145 0.061 0.049 

Age 
 

-0.015 0.007 0.033 

BMI percentile 
 

0.003 0.001 0.003 

Stimulated c-peptide x age  0.011 0.003 0.001 
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Table S13. Characteristics of pancreas donors.  
AutoAb: T1D auto-antibody 
 

Cohort   Case -ID 
 

Donor Age 
(yrs) 

Gender AutoAb Disease 
duration 

nPOD 6024 non-diabetic 21 M negative NA 

nPOD 6098 non-diabetic 18 M negative NA 

nPOD 6153 non-diabetic 15 M negative NA 

nPOD 6174 non-diabetic 21 M negative NA 

nPOD 6178 non-diabetic 24 F negative NA 

nPOD 6179 non-diabetic 22 F negative NA 

nPOD 6027 AutoAb pos 19 M ZnT8A+ NA 

nPOD 6158 AutoAb pos 40 M GADA+, IAA+ NA 

nPOD 6167 AutoAb pos 37 M IA-2A+, ZnT8A+ NA 

nPOD 6197 AutoAb pos 22 M GADA+, IA-2A+ NA 

nPOD 6052 T1D 12 M IAA+, IA-2A+ 1 yrs 

nPOD 6087 T1D 17 M ZnT8+, IAA+ 4 yrs 

nPOD 6089 T1D 14 M IAA+ 8 yrs 

nPOD 6113 T1D 13 F IAA+ 1 yrs 

Siena 60217 T1D 39 F GADA+ from 
childhood 

DiViD 1 T1D 25 F GADA+,IA-2A+, ZnT8A+, IAA+ 4 wks 

DiViD 2 T1D 24 M GADA+, IA-2A+, ZnT8A+ 3 wks 

DiViD 3 T1D 34 F GADA+, IA-2A+, ZnT8A+ 9 wks 

DiViD 4 T1D 31 M GADA+, IA-2A+, IAA+ 5 wks 

DiViD 5 T1D 24 F GADA+, IA-2A+, IAA+ 5 wks 

DiViD 6 T1D 35 M GADA+ 5 wks 

Exeter SC112 T1D 22 M NA 9 yrs 

Exeter SC76 T1D 20 M NA 3 wks 

Exeter SC57 T1D 18 F  NA < 1 wk 

Exeter SC116 T1D 35 unknown NA 15 yrs 

Exeter E560 T1D 42 F NA 1.5 yrs 
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Table S14. Sections used from each pancreas donors 
 

Cohort Case -ID Sections  

nPOD 6024 (head-01 sec 03) (head-08 sec 01) 

nPOD 6098 (body-01 sec 01) (tail-02 sec 04) (body-01 sec 04) 

nPOD 6153 (head-04 sec 01) 

nPOD 6174 (body-04 sec 03) (body-04 sec 01) 

nPOD 6178 (body-04 sec 01) (tail-02 sec 01) (body-04 sec 01) 

nPOD 6179 (body-04A sec 01) (tail-02A sec 02) (tail-02A sec 02) 

nPOD 6027 (head-06 sec 01) (tail-04 sec 02) (head-06 sec 03) 

nPOD 6158 (body-10 sec 03) (tail-04 sec 01) 

nPOD 6167 (body-10 sec 01) (tail-08 sec 04) (tail-08 sec 03) 

nPOD 6197 (body-06 sec 03) (head-03 sec 04) 

nPOD 6052 (body-04 sec 03) (body-04 sec 01) 

nPOD 6087 (body-01 sec 01) (tail-02 sec 02) (body-01 sec 01) 

nPOD 6089 (body-04 sec 03) (tail-02 sec 04) 

nPOD 6113 (body-01 sec 01) (head-01 sec 06) (body-01 sec 02) 

Siena 60217 (body sec 30) (head sec 20) (tail sec 20) 

DiViD 1 (block 2102-2) (block 2102-04) 

DiViD 2 (block 6079-4) (block 1618) 

DiViD 3 (block 1754B) (block 4838-4) 

DiViD 4 (block 1759) (block 5189-2) 

DiViD 5 (block 5191-1) (block 5191-2) 

DiViD 6 (block 1822) (block 16036) 

Exeter SC112 (slide #10) 

Exeter SC76 (slide #1) 

Exeter SC57 (slide #10) 

Exeter SC116 (slide #13) 

Exeter E560-mid (slide #21) 
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Table S15. Transcriptomic Blood Neutrophil Signature: donor characteristics. Significance evaluated for 
age, and neutrophil purity by Kruskal–Wallis test, for # autoAb by Mann–Whitney test and for gender by 
Fisher’s test. 
 
  

unrelated 
non-diabetic 

controls 
n=16 

AutoAb  
NEGATIVE 

 
n= 13 

AutoAb 
 POSITIVE 

 
n=8 

T1D  
new onset 

 
n=5 

p-value 

Age (yrs) 
     Median 
     Range 

 
13 

12-18 

 
12 

5-16 

 
13 

5-17 

 
6 

5-15 

 
0.15 

Gender 
     Females (%) 
     Males (%)   

 
8 (50%) 
8 (50%) 

 
6 (46%) 
7 (54%) 

 
5 (62%) 
3 (38%) 

 
3 (60%) 
2 (40%) 

 
0.92 

# autoAb 
     Median 
     Range 

 
NA 

 
0 

 
2 

1-4 

 
3 

2-3 

 
0.54 

Days from diagnosis 
     Median 
     Range 

 
NA 

 
NA 

 
NA 

 
5 

3-7 

 

Neutrophil purity (%) 
     Median 
     Range 

 
95.5 

90.1-98.9 
 

 
95.6 

90.6 - 100 
 

 
97.8 

93 - 99.7 
 

 
95.7 

90.4-98.4 
 

 
0.65 
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SUPPLEMENTARY VIDEOs 

 

Supplementary Video 1. Immunofluorescence analysis of a OCT pancreatic section from 

an autoAb positive nPOD donor (#6027) stained with anti-MPO antibody (green) and 

Hoechst 33342 for DNA detection (white). All images were acquired by confocal 

microscopy and assimilated as Z-stacked. The video shows a single plane per frame. Scale 

bar 25 µm. 

Supplementary Video 2. Immunofluorescence analysis of a OCT pancreatic section from 

T1D nPOD donor (#6052) stained with anti-MPO antibody (green) and Hoechst 33342 for 

DNA detection (white). All images were acquired by confocal microscopy and assimilated 

as Z-stacked. The video shows a single plane per frame. Scale bar 25 µm. 

Supplementary Video 3. Immunofluorescence analysis of a FFPE pancreatic section from 

T1D DiViD donor (#5) stained with anti-MPO antibody (green), citrullinated Histone H3 

(red) and Hoechst 33342 for DNA detection (white). A sample field was acquired by 

confocal microscopy and assimilated as Z-stacked. The video shows a single plane per 

frame. Scale bar 7.5 µm. 

Supplementary Video 4. Immunofluorescence analysis of a FFPE pancreatic section from 

T1D DiViD donor (#1) stained with anti-MPO antibody (green), citrullinated Histone H3 

(red) and Hoechst 33342 for DNA detection (white). A sample field was acquired by 

confocal microscopy and assimilated as Z-stacked. The video shows a single plane per 

frame. Scale bar 7.5 µm. 
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Figure S1

Figure S1. Intact- and NETting-neutrophils infiltrate the pancreas of pre-symptomatic and symptomatic T1D 
donors. (A) One representative image of an immunohistochemical (IHC) analysis of a formalin fixed paraffin embed-
ded (FFPE) section from a non-diabetic control (#6024, left panel, out of 6 total subjects/sections analyzed) and with 
T1D (#6052, out of 4 total subjects/sections analyzed) nPOD donors stained with hematoxylin and anti-MPO 
(neutrophil-specific) antibody (brown staining). Scale bar 100 μm. (B) Representative images of immunofluorescence 
(IF) analyses of  FFPE nPOD sections stained with anti-MPO antibody (green, left column) and Hoechst 33342 for 
DNA detection (white, middle column). Expression signals was then merged (right column). Donor ID and characteri-
stics are shown on the left (n= 14 donors/sections). Images are represented as Z-stacked following projection. Insets 
were cut (dotted square) and magnified 1.5X at the bottom of each panel and they highlight the occurrence of decon-
densed DNA co-localized with MPO suggestive of the presence of pancreas-residing NETting neutrophils. Scale bar 
20 μm.
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Figure S2

Figure S2. Neutrophils infiltrate the pancreas of T1D donors from the Exeter cohort. (A) One representative image 
of IF analysis of a formalin fixed paraffin embedded (FFPE) section from an Exeter donor with T1D (#E560, out of 5 total 
subjects/sections analyzed) stained with anti-MPO antibody (green, left column) and Hoechst 33342 for DNA detection 
(white, middle column). Expression signals was then merged (right column). Donor ID and characteristics are shown on 
the left. Scale bar 25 μm. (B) One representative image of IF analysis of a FFPE section from an Exeter donor with T1D 
(#E560) stained with anti-MPO antibody (green), Hoechst 33342 for DNA detection (white) and anti-glucagon antibody 
(pink). Expression signals was then merged (right column). Donor ID and characteristics are shown on the left. Scale bar 
20 μm.
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Figure S3

Figure S3. Neutrophils infiltrate the whole pancreas. One representative image of an immunofluorescence (IF) analyses of a frozen OCTembedded section from a 
nPOD donor with T1D (#6052) stained with anti-MPO antibody (green, left column) and Hoechst 33342 for DNA detection (white, middle column). Expression 
signals was then merged (right column). All images were acquired by confocal microscopy and represented as stitched images (204 images) of the optimal autofocus 
on a single plan. Insets were cut (dotted square) and magnified at the bottom of each panel. Scale bar 1 mm.
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Figure S4

Figure S4. Peripheral neutrophil transcriptomic signature from autoAb negative, autoAb positive 
and new-onset T1D patients form a single large cluster distinct from that of unrelated non-diabe-
tic controls. (A) Heat map showing 2058 genes differentially expressed in neutrophils, with patients 
arranged by hierarchical clustering of their transcriptional profiles. (B) Heat map showing 1350 genes 
differentially expressed in freshly isolated neutrophils after adjustments for age and neutrophil purity.-
Scale bar represents the relative gene expression and ranges from the minimum log expression (0.0) to 
the maximum log expression (1.0) for both panel A and B. (C) Venn diagram displaying the overlap in 
genes differentially expressed between each at-risk or T1D donor group and unrelated non-diabetic 
controls (total of 2751 genes) is shown.
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Figure S5

Figure S5. Interferon gene expression signature found in peripheral neutrophils of at-risk subjects is dysregula-
ted in T1D and at-risk subjects and overlaps with interferon gene signatures previously identified in T1D. (A) 
Heat map showing 31 interferon-associated genes differentially expressed between at-risk and unrelated non-diabetic 
controls, after excluding samples with anomalous gene expression. Scale bar represents the relative gene expression 
and ranges from the minimum log expression (0.0) to the maximum log expression (1.0). (B) Overlap of the interferon 
gene signature identified in purified neutrophils of at-risk subjects with interferon gene signatures previously identified 
in T1D (ref 1, 2) and other autoimmune diseases (ref 3,4). Jaccard Index estimation was used to measure the strength 
of the similarity (see online methods) with a cutoff of 0.05 (dotted line based on hypergeometric p-value). Significant 
p-values are shown.
1) Ferreira et al. “A type I interferon transcriptional signature precedes autoimmunity in childrengenetically at risk for type 1 
diabetes” Diabetes; 2014: 63(7) 2538-50
2) Kallionpaa et al. “Innate immune activity is detected prior to seroconversion in children with HLAconferred type 1 diabetes 
susceptibility” Diabetes; 2014: 63(7) 2402-14
3) Lubbers et al. “The type I IFN signature as a biomarker of preclinical rheumatoid arthritis” Annals of the rheumatic diseases; 
2013: 72(5) 776-80
4) Garcia-Romo et al. “Netting neutrophils are major inducers of type I IFN production in pediatric systemic lupus erythematosus” 
Science Translational Medicine; 2011: 3 (73) 73ra20
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Figure S6

Figure S6. HLA distribution in subjects of whom neutrophil transcriptomic signature was generated. 
T1D-HLA risk (DR3/4-DQ2/8; DR3/X; DR4/X), T1D-protective HLA-DQ6 and other HLA alleles distribution in 
unrelated non-diabetic controls and in T1D subjects at all disease stages (i.e., from autoAb negative to T1D new 
onset subjects) are shown. The Fisher's exact test was applied to test differences between groups (the T1D-protective 
HLA-DQ6 and other HLA alleles were grouped) (p=0.025).




