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Supplementary Figure. S1. T-cells or endothelial cells are not proliferating within islets. (a) 
Lymphocytes or (b-c) islet images for control pancreata stained for DAPI (blue), CD3 (green), CD31 
(green) and Ki67 (red) reveal that proliferating cells are not T-cells or endothelial cells as indicated by 
(a-b) CD3 or (c) CD31, respectively; (a) CD3+ lymphocytes indicate a positive control for CD3 
staining. Scale bar: 100μm. 
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Supplementary Figure. S2. Proliferating islet endocrine cells verified by multiple proliferative 
markers. Islet images for (a, c) control and (b, d) T1D stained for DAPI (blue), synaptophysin (Syn; 
green) and proliferative markers (red). Proliferating islet endocrine cells (c-d) Syn+ pHH3+ and (c-d) 
Syn+ PCNA+ cells found in both control and T1D islets. 
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Supplementary Figure. S3. Islet endocrine cell proliferation is consistent across different regions 
of the pancreas. (a-d) Representative islet images for control pancreata stained for DAPI (blue), 
synaptophysin (Syn; green), and Ki67 (red) demonstrate similar proliferation rates in head and tail 
regions of the pancreas. (e) Correlation analysis of islet cell proliferation measured as % total confirm 
similar rates of islet cell proliferation in the differing regions of the pancreas.  
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Supplementary Fig. S4. Duration of ICU stay and pancreas transit time are not associated with 
islet endocrine cell or α-cell proliferation. (a-d) Duration of ICU stay (days) v. (a-b) islet cell 
proliferation (% total) or (c-d) α-cell proliferation (% total) for (a,c) control and (b,d) T1D pancreata. 
(e-h) Pancreas transit time (h) v. (e-f) islet cell proliferation (% total) or (g-h) α-cell proliferation (% 
total) for (e, g) control and (f, h) T1D pancreata. 
 



SUPPLEMENTARY DATA 

©2018 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1114/-/DC1 

 



SUPPLEMENTARY DATA 

©2018 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1114/-/DC1 

Supplementary Figure. S5. Proliferating islet endocrine Sox9Cyt cells verified by multiple 
proliferative markers. Islet images of (a, c, e, g) control and (b, d, f) T1D stained for DAPI (blue), 
Sox9 (green), and proliferative markers (PCNA/Ki67; red). Proliferating Sox9Cyt cells are verified by (a-
b) Sox9Cyt+ PCNA+ and (c-f) Sox9Cyt+ Ki67+ cells found in (a, c, e) control and (b, d, f) T1D islets. (e-
f) Ki67+ Sox9Cyt+ cells are not associated with pancreatic ducts (d, white dashed lines). (g) Nuclear 
Sox9 in ducts. Sox9Cyt+ cells are not associated with pancreatic ducts, as detected by CK-19 (green). 
Scale bar: 100μm. 
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Supplementary Figure. S6. Sox9Cyt cells detected by Sox9 (pS181) antibody. Islet and ductal images 
of (a, c, e, g) control and (b, d, f, h) T1D samples – stained for DAPI (blue), Sox9 (pS181)s (green), 
Ki67 (red) and α-cell markers, ARX (red; blue) and glucagon (Gcg; red). (a-f) pSox9Cyt intraislet cells 
express ARX, variable amounts of glucagon, and Ki67. (g-h) Ductal cells contain occasional pSox9Cyt+ 
cells. Scale bar: 100μm. 
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Supplementary Figure. S7. Sox9Cyt cells do not co-express neuronal markers. (a-b) Control young 
adult islets stained for DAPI (blue), Sox9 (green), and neuronal marker, (a) β3 tubulin (red) or (b) NeuN 
(red). Scale bar: 100μm. 
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Supplementary Figure. S8. Highly proliferative cells do not express β-cell specific markers. Control 
adolescent and young adult islets stained for Sox9, Ki67, and various β-cell markers. Most Ki67+ cells 
do not express β-cell markers: (a) Pdx1 (green), insulin (blue), Ki67 (red) (b) Nkx6.1 (green), insulin 
(blue), Sox9 (red) (c) MafA (green), insulin (blue), Ki67 (red) (d) GAD65 (magenta), insulin (white), 
Ki67 (green) (e) PC1/3 (magenta), insulin (white), Ki67 (green). (f) GLUT1 (magenta), insulin (white), 
Ki67 (green). Scale bar: 100μm.  
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Supplementary Figure. S9. Sox9Cyt cells co-express α-cell marker, GLP1. Islet images for (a-b) 
control and (c) T1D stained for GLP1 and various markers. (a) α-cells express ARX (blue), glucagon 
(green), and GLP1 (red). (b-c) Sox9Cyt (green) cells express variable GLP1 (red). (c) DAPI (blue), Sox9 
(green), and GLP1 (red). Scale bar: 100μm. 
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Supplementary Figure. S10. Sox9Cyt cells co-express INSM1 and Isl1&2, which is common to 
human α- and β-cells. (a-b) Islet images for (a) control and (b) T1D stained for insulin (Ins; green), 
glucagon (Gcg; white), and INSMI (red) show INSMI expression in both human β- and α-cells. (c) 
Control and (d) T1D stained for Sox9 (white), ARX (green), and INSM1 (red) reveal Sox9Cyt ARX+ 
cells expressing INSMI. (e) Control islet stained with Sox9 (white), Isl1&2 (red), and ARX (green) 
reveal that Sox9Cyt+ cells within islets contain Isl1&2. (f) Human islets contain Nkx2.2 as shown in 
control islet stained with insulin (Ins; green), glucagon (Gcg, white) and Nkx2.2 (red). (g) Control islet 
stained with insulin (Ins; white), Nkx2.2 (red), and Ki67 (green) reveals that Ki67+ insulin negative 
cells within islets contain Nkx2.2. Scale bar: 100μm. 
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Supplementary Figure. S11. Highly proliferative cells express markers of secretory vesicles and 
exocytotic machinery. (a-c) Control islets stained for chromagranin A (CgA; green/red), insulin (blue), 
glucagon (green), ARX (blue), and pHH3 reveal that pHH3+ ARX+ intra-islet cells contain CgA which 
is differentially expressed at higher levels in α-cells than in β-cells. (c-f) Islet images stained for DAPI 
(blue), synaptophysin (Syn; green), Sox9Cyt (green/red), CgA (red), ARX (white), and related secretory 
vesicular markers (green). Sox9Cyt cells are islet endocrine cells that express (c) Syn, (d) CgA, (e) 
synaptoptagmin 1A (SYT1), and (f) SNAP25. (g-h) SCG3 is absent in (g) some ARX+ cells or in (h) 
Ki67+ cells. Scale bar: 100μm.  
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Supplementary Figure. S12. Adolescent and young adults exhibit increased islet endocrine cell 
death but no Sox9Cyt cell death. (a-e) Images stained for DAPI (blue), synaptophysin (Syn; green), 
Sox9Cyt (green), and TUNEL (red). (a) Positive control for TUNEL staining within ductal cells. (b-c) 
Control islets from (b) low and (c) high proliferating individuals reveal very low TUNEL rates in islet 
endocrine cells, with some TUNEL+ islet endocrine cells increased in highly proliferating adolescent 
and young adult islets. (d-e) Control islets images from (d) low and (e) high proliferating individuals are 
representative of no TUNEL+ Sox9Cyt cells found in analysis. Scale bar: 100μm. (f-g) TUNEL+ islet 
endocrine cells (% total) v. age (years) in (f) control and (g) T1D pancreata.   
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Supplementary Figure. S13. Islet endocrine area and mass do not accumulate with age after 
adolescence or with T1D. (a-b) Islet endocrine cell area and mass are reduced in T1D pancreata. (a) 
Islet endocrine area (% total) is reduced in T1D pancreata. Results expressed as mean ± SD for (a) 
controls (n=43) and T1D (n=37). (b) Islet endocrine cell mass (g) is reduced in T1D pancreata.  Results 
expressed as mean ± SD for controls (n=28) and T1D pancreata (n=33). (c-d) Correlation analysis of (c) 
islet endocrine area v. age (years) and (d) islet endocrine mass v. age (years). No correlation between 
age and islet endocrine cell (c) area or (d) mass for adolescents, young, & older adults.  
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Supplementary Table 1. Non-Diabetic Sample Population. nPOD case number, age (years), sex, 
ethnicity, cause of death, Cpeptide (ng/ml), HbA1c (%), BMI, body weight (kg), pancreas sample 
region, corresponding block number, and method of tissue recovery. "n/a" indicates C-peptide 
measurements were not measured for that case. 
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Supplementary Table 2. T1D Sample Population. nPOD case number, age (years), duration of 
diabetes (years), sex, ethnicity, cause of death, C-peptide (ng/ml), HbA1c (%), positive autoantibodies 
and total autoantibody count (out of the 4 autoantibodies tested), BMI, body weight (kg), pancreas 
sample region, corresponding block number, method of tissue recovery. T1D diagnosis for nPOD cases 
was based on review of terminal charts, clinical and biochemical testing, and histopathology. 
Consideration from medical records includes the donor’s admission course, age, BMI, body weight, 
laboratory profiles (chemistry, urinalysis, toxicology), diagnoses, and medications. nPOD expert 
clinicians and pathologists assessed medical records in conjunction with the results of biochemical tests 
and histopathological analysis. These include autoantibody and C-peptide testing in addition to high-
resolution HLA typing. Tissue sections were screened for histological features such as presence of 
amyloid, islet hormones, inflammation, and fibrosis. Pancreatic tissue diagnosed (Dx'd) by nPOD for 
fibrosis and acinar atrophy are marked by "X." "<0.05 ng/ml" C-peptide infers that C-peptide levels 
were not measured using an ultra-sensitive C-peptide kit; "n/a" indicates C-peptide measurements were 
not measured for that case. GADA - Glutamic acid decarboxylase autoantibodies; IA 2A - Insulinoma-2-
associated autoantibodies; M IAA - insulin autoantibodies; ZnT8A - Zinc transporter 8 autoantibodies. 
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Supplementary Table 3. Immunohistochemistry Antibodies. Antibody antigen, host, dilution, 
manufacturer, and catalog number. 
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Supplementary Table 4. Summary of experimental details. The number of pancreas donors, pancreas 
sections, and cells counted for each analysis performed. "n/a" indicates that data analysis is not available 
or not performed for the indiciated cohort. 
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Supplementary Table 5. Individual intraislet proliferation from non-diabetic and T1D pancreata. 
Intraislet Ki67+ cells (number and % total), total intraislet cells (number). 
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Supplementary Table 6. Individual β-cell proliferation expressed as % of intraislet Ki67+ cells in 
non-diabetic and T1D pancreata. Ki67+ β-cell (number; % total intraislet Ki67+ cells), total intraislet 
Ki67+ cells (number) from highly proliferative samples. 
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Supplementary Table 7. Individual islet endocrine and α-cell proliferation from non-diabetic 
pancreata. Total synaptophysin+ (Syn) islet endocrine cells (number), Ki67+ Syn+ cells (number and 
% total), α-cells (number), Ki67+ α-cells (number and % Total). 
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Supplementary Table 8. Individual islet endocrine and α-cell proliferation from T1D pancreta. 
Total synaptophysin+ (Syn) islet endocrine cells (number), Ki67+ Syn+ cells (number and % total), α-
cells (number), Ki67+ α-cells (number and % total). "n/a" indicates that the case sample was not 
available for this analysis. 
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Supplementary Table 9. Individual synaptophysin cell proliferation expressed as % of intraislet 
Ki67+ cells in nondiabetic and T1D pancreata. Ki67+ Syn+ cells (number; % total intraislet Ki67+ 
cells), total intraislet Ki67+ cells (number) from highly proliferative samples. 
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Supplementary Table 10. Regional islet endocrine cell proliferation. Pancreas region, Syn+ cells 
(number), total Ki67+ Syn+ cells (number; % total). 
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Supplementary Table 11. Average α-cell number per islet cross section of non-diabetic and T1D 
samples. α-cells (number; per islet), Ki67+ α-cells (number; per islet), and islets (number). 
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Supplementary Table 12. Individual α-cell proliferation expressed as % of intraislet Ki67+ cells in 
non-diabetic and T1D pancreata. Ki67+ α-cells (number; % total intraislet Ki67+ cells), total intraislet 
Ki67+ cells (number) from highly proliferative samples. 
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Supplementary Table 13. Individual PP, somatostatin, and ghrelin cell proliferation from non-
diabetic and T1D pancreta. Ki67+ PP+ cells (number; % total PP cells), total PP+ cells (number), 
Ki67+ somatostatin+ cells (number: % total somatostatin cells), total somatostatin+ cells (number), 
Ki67+ ghrelin+ cells (numbers; % total ghrelin cells), total ghrelin+ cells (number) counted. "n/a" 
indicates the measurement is not applicable for the case or the case sample was not available for this 
analysis. 
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Supplementary Table 14. Individual PP, somatostatin, and ghrelin cell proliferation as a 
percentage of intraislet proliferation from non-diabetic and T1D pancreta. Ki67+ PP cells (number; 
% Total), total Intraislet Ki67+ cells per sample analysis (number), Ki67+ somatostatin+ cells (number: 
% Total), Ki67+ ghrelin+ cells (numbers; % Total) from highly proliferative samples. "n/a" indicates the 
measurement is not applicable for the case or the case sample was not available for this analysis. Cross-
hatched boxes indicates that the measurement could not be calculated. 
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Supplementary Table 15. Individual pancreas weights, pancreas transit times, and duration of 
ICU stay for non-diabetic and T1D individuals. Case number, age (years), pancreas weight (g), 
pancreas transit time (h), and duration of ICU stay (days)."n/a" indicates measurements were not 
available for that case. Cross-hatched boxes indicates that the measurement could not be calculated. 
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Supplementary Table 16. Individual cytoplasmic Sox9 cell proliferation from non-diabetic and 
T1D samples. Ki67+ cytoplasmic Sox9+ cells (number; % total cytoplasmic Sox9; % total Intraislet 
Ki67+), total cytoplasmic Sox9+ cells (number), total intraislet Ki67+ cells (number). 
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Supplementary Table 17. Nuclear Sox9 ductal cell proliferation from non-diabetic and T1D 
samples. Total ductal cells (number), Ki67+ nuclear Sox9+ ductal cells (number; % total). 
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Supplementary Table 18. Sox9Cyt+ islet endocrine cells cells from non-diabetic and T1D samples. 
Total Syn+ cells (number), Sox9Cyt+ cells (number; % of syn+ cells), and Syn+ Sox9Cyt+ cells (number; 
% of Sox9Cyt+ cells). "n/a" indicates the measurement is not applicable for the case. Cross-hatched boxes 
indicates that the measurement could not be calculated. 
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Supplementary Table 19. Sox9Cyt ARX co-positive cells from non-diabetic and T1D samples. Total 
ARX+ cells, Sox9Cyt+ cells (number; % of ARX+ cells), Sox9Cyt+ ARX+ cells (number; % of Sox9Cyt+ 
cells). "n/a" indicates the measurement is not applicable for the case. Cross-hatched boxes indicates that 
the measurement could not be calculated. 
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Supplementary Table 20. Proliferating ARX+ glucagon negative cells from non-diabetic and T1D 
samples. Total ARX+ Gcg- (number), Ki67+ ARX+ Gcg- Cells (number; % of ARX+ Gcg- cells). "n/a" 
indicates the measurement is not applicable for the case. Cross-hatched boxes indicates that the 
measurement could not be calculated. 
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Supplementary Table 21. Adolescent synaptophysin cell death. TUNEL+ synaptophysin (Syn+) cell 
proliferation (number; % total), total islet endocrine cell (number). 
 

 



SUPPLEMENTARY DATA 

©2018 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1114/-/DC1 

Supplementary Table 22. TUNEL+ Sox9Cyt+ Analysis. Total Sox9Cyt+ cells (number), islets 
(number), TUNEL+ Sox9Cyt+ cells (number per islet), and islet endocrine proliferation as measured by 
Ki67+ Syn+ cells (% total). 
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Supplementary Table 23 Control and T1D Islet Cell Area & Mass. Pancreas weight (g), islet 
endocrine cell area (% total), and islet endocrine cell mass (g). "n/a" indicates pancreas weight was not 
measured for that case. Cross-hatched boxes indicates that the measurement could not be calculated. 
 

 


