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SUPPLEMENTARY MATERIALS 

 

Function of isolated pancreatic islets from patients at onset of type 1 diabetes; Insulin secretion 

can be restored after some days in a non-diabetogenic environment in vitro. Results from the 

DiViD study. 
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Islet isolation  

The most distal part (0.5-1 cm) of laparoscopic pancreatic tail resections performed at Oslo University 

Hospital was immediately shipped by air courier in cold organ preservation solution (Viaspan®, UW) to 

Uppsala University for islet isolation. The islets were isolated by a method based on the procedure used 

for clinical islet isolation that has been described previously (1). Basically, the pancreatic duct was 

located under a surgical microscope, cannulated with a fine catheter, and collagenase (Liberase®, 

Roche) was injected continuously. After about 30 min, the pancreatic tissue was cut into 3–4 pieces, 

transferred to two 15 mL glass tubes, and digested at 37°C with continuous shaking for 30 min. The 

digested pancreata was washed twice with cold culture media (CMRL-1066, ICN Biomedicals, Costa 

Mesa, CA supplemented with 10 mM HEPES, 2 mM L-glutamine, 50 g/mL gentamycin, 20 g/mL 

ciproxfloxacin 10 mM Nicotinamide, and 10% heat-inactivated fetal calf serum) and immediately 

transferred to culture dishes. 300-700 islets from each patient were handpicked from the digested tissue 

under a microscope by skilled islet technicians with multiple years of experience.  

Islets from the brain-dead organ donors were isolated and cultured as described previously (1;2).  

 

Islet function 

Glucose-stimulated insulin-secretion (GSIS) was assessed in a dynamic perfusion system, Suprafusion 

1000 (BRANDEL, Gaithersburg, MD). Twenty handpicked islets cultured for 1, 3, or 6 days were 

perifused with low glucose (1.67 mM) for 42 min, high glucose (20 mM) for 48 min, and then low 

glucose again. Fractions were collected at 6 min intervals and the secreted insulin was measured by 

ELISA. 

 

Whole transcriptome sequencing and analyses 

RNA was extracted with AllPrep DNA/RNA/Protein Mini Kit (Qiagen) from 50-100 islets per subject, 

immediately after handpicking from the digested pancreatic tail resections, or after storage of isolated 

islets from multi-organ donors (case 7 and 8, and controls 1-3) on day 1 after isolation at -80°C in 

RNAlater (Qiagen). The extracted RNA was of good quality (RIN values between 7.1 and 9.5) and 

sufficient quantity (>1 g) for performing whole transcriptome sequencing. For details regarding the 

methods, see supplementary material.  

Total RNA samples were depleted from rRNA using the RiboMinus Eukaryote Kit for RNA and the 

RiboMinus Concentration Module. Total RNA was used to prepare a fragment library using the SOLiD 

Total RNA-seq Kit (Applied Biosystems). The libraries were sequenced using the AB SOLiD™ 5500xl-

W system. The read length was 50 bp for all samples and directionality of RNA molecules was 

preserved in the sequencing. Reads were aligned to version GRCh37/hg19 of the human genome using 

version 1.1 of the Applied Biosystems whole transcriptome analysis tool (Uppsala genome Center). The 

neighbor-joining method, based on the normalized Euclidean distance of reads per kilobase of exon per 

million fragments mapped (RPKM) between samples was used to analyze differences in expression 

between all samples, using uniform gene expression to root the tree. Gene lists for the insulin secretion 

pathway and the complement system pathway were extracted from the KEGG database and relevant 

literature. RPKM values for all genes in the pathways were calculated (3) and each case was compared 

to the mean of the three controls in order to identify up- and down-regulated genes. Genes with RPKM 

values below 0.1 were considered non-expressed.  
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Supplementary Table 1. Demographic data, cases and controls. 

 

Category No 

Age 

(years

) 

Sex 

(M/

F) 

Time from 

T1D 

diagnosis 

(weeks) 

HbA1c at 

biopsy 

(% 

mmol/mol) 

Insulin 

(U/kg/d

ay) 

Anti 

GAD 

(<0,08ai)* 

Anti-

insulin 

(<0,08ai)* 

anti-ZnT8 

(<0,12ai)* 

Anti IA2 

(<0,10ai)* 

DiViD-

cases, living 

newly 

diagnosed 

T1D 

patients 

Case 1 25 F 4 6.7 (50) 0,5 1,76 0,7 0,28 0,16 

Case 2 24 M 3 10.3 (89) 0,35 0,79 <0,01 0,44 >3,00 

Case 3 34 F 9 7.1 (54) 0,17 1,77 < 0,05 1,45 > 3,00 

Case 4 31 M 5 7.4 (57) 0,4 0,77 0,1 < 0,01 2,54 

Case 5 24 F 5 7.4 (57) 0,36 0,46 0,1 0,06 >3 

Case 6 35 M 5 7.1 (54) 0,52 1,85 < 0,05 < 0,01 < 0,04 

Organ-

donors died 

at onset of 

T1D 

Case 7 40 M 0 nd - Neg. Neg. Neg. Neg. 

Case 8 29 M 0 10.4 (90) - Neg. Neg. Neg. Neg. 

Organ-

donors 

without 

T1D 

Control 1 22 M - 5.5 (37) - Neg. Neg. Neg. Neg. 

Control 2 20 M - 5.8 (40) - Neg. Neg. Neg. Neg. 

Control 3 25 M - 5.9 (41) - Neg. Neg. Neg. Neg. 

*Arbitrary units according to Diabetes Antibody Standardization Program (DASP) (4) 
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Supplementary Figure 1. Insulin secretion pathway for all diabetic cases (1-8) shown separately. 

We normalized expression by three brain dead controls and show lower expression in blue and higher 

expression in red. With the exception of case 6, the majority of genes in the pathway are more lowly 

expressed in the diabetic samples. 
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