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Supplementary Figure 1. Image acquisition and analysis. All sections were scanned with an Axio Scan Z.1 slide 
scanner (Carl Zeiss microscopy, Thornwood, NY). A) For automated and systematic analysis, custom macros 
were developed to measure tissue area (macro #1, B middle panels); islet size and count (macro #2, B lower 
panels); calculate insulin, proinsulin and glucagon areas (macro #3, B upper panels). To classify and count alpha 
and beta cells, the image of the whole tissue section was exported into 20x20 smaller images in order to improve 
resolution, and then processed by a different custom macro (macro #4, C). Scale bar 500 µm in B and 50 µm in C. 
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Supplementary Figure 2. Increase in proinsulin area and change in its subcellular localization without evident 
insulin depletion in autoantibody positive individuals. High-resolution images and two-dimensional graphs of the 
intensities of pixels along the corresponding images from control, single and double Ab+ donors. A column 
average plot is displayed representing the horizontal distance through the image (in µm) and the average pixel 
intensity for: A) proinsulin (red profile) and B) insulin (green profile). Scale bar 10 µm. 
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Supplementary Figure 3. Risk index. Table: To calculate the Risk Index, a score of 0, 1 or 2 corresponding to 
low, medium or high risk was assigned as follows based on the risk of developing T1D: Age: >40 (0); 30-40 (1); 
0-30 (2). HLA: No risk alleles (0); DR4 or DR3 only (1); DR4 DQ8 or DR3 DQ2 or DQ8 (2). Autoantibodies: 0 
(0); 1 (1), 2 (2). The Risk Index was then calculated as the sum of the values obtained in each category for each 
donor (range 0 (minimum) to 6 (maximum)). Correlation analyses between the risk index and insulin area, 
proinsulin area and the PI/INS area ratio are shown for the head, body and tail regions (r and p-value area 
provided in the graph). Non-diabetic controls (n=9, black circles), single (n=8, green circles) and double (n=5, red 
circles) Ab+ cadaveric organ donors. 
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Supplementary Figure 4. Increase in the size of the islets with autoantibody seroconversion and after onset of 
disease. A) The median (table and bar graph) and interquantile range (IQR) of islet size distribution (µm2) are 
shown for pancreas head, body and tail regions of control, single Ab+, double Ab+ and type 1 diabetes donors. 
Note the increase in islet size in double Ab+ and type 1 diabetes compared to controls. 
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Supplementary Figure 5. Changes in the number of alpha and beta cells and their distribution in the islet can be 
observed during the pre-diabetic phase. A) The number of alpha and beta cells per islet was counted and the ratio 
beta to alpha cell calculated for head (left panel), body (center panel) and tail (right panel) regions of the pancreas. 
Non-diabetic controls (n=9, black circles), single (n=8, green squares) and double (n=5, red squares) non-diabetic 
Ab+. B) Representative images from insulin (green), proinsulin (orange), glucagon (red) and DAPI (blue) staining 
on # 6102 control (left panel), # 6267 double Ab+ (center panel) and # 6158 double Ab+ (right panel). Note the 
different patterns of beta and alpha cell content as well as insulin, proinsulin and glucagon. A) normal pattern, B) 
predominantly alpha cells and C) predominantly beta cells. Scale bar 100 µm. 
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Supplementary Table 1. Extended donor information. Table S1 shows extended demographic and histological 
information, as well as the pancreatic regions analyzed for each donor. Autoab Pos, autoantibody positive donor. 
T1D, type 1 diabetic donor. Age and duration of disease are expressed in years unless otherwise indicated; BMI, 
body mass index; C-peptide is expressed in ng/ml; time ICU, time spent in the Intensive Care Unit (in days); 
ZnT8A, zinc transporter 8 autoantibodies; IA-2A, intracytoplasmic domain of the tyrosine phosphatase IA-2 
autoantibodies; mIAA, micro assay for insulin autoantibodies; GADA, glutamic acid decarboxylase 65 
autoantibodies. – Indicates not determined or not available. 
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