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Supplementary Table 1. Characteristics of specimen donors for ex vivo experiments. BMI – body mass 
index, BGL – blood glucose level, M – male, F – female. Data are mean ± SEM. 
 

 ileum specimen colon specimen 

N 19 24 

Age  71 ± 4  65 ± 2  

Sex  7M : 12F 13M : 11F 

BMI (kg/m2) 28 ± 1 29 ± 1  

History of type 2 diabetes (yes/no) 4/ 15 7/ 17 
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Supplementary Figure 1. pCaMKII immunopositive cells in the duodenal mucosa under basal 
conditions, highlighted by blue arrow. Scale bar = 20 μm. 
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Supplementary Figure 2. GLP-1 release is not different in non-diabetes (ND) and type 2 diabetes 
(T2D) tissue samples. Ileum (A) basal release, (B) in response to 300 mM glucose and (C) fold change 
in response to high glucose (n=19). Colon (D) basal release, (E) in response to 300 mM glucose and (F) 
fold change in response to high glucose. 
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Supplementary Figure 3. Glucose response in ileum is not due to osmotic pressure. 300 mM mannitol 
causes no GLP-1 secretion in ileum while equimolar glucose causes significant GLP-1 release 
(**P<0.01, n=8 paired experiments). 
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Supplementary Figure 4. Glucose response requires external Na+. Replacement of external Na+ with 
N-Methyl-D-Glucamine (NMDG) blocks the response to 300 mM glucose in ileal tissue (n=5). 
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Human tissue collection: 
 
For endoscopic duodenal biopsies, healthy control subjects (N=8, BMI < 30 kg/m2, Table 1) were 
recruited to these studies in the Gastrointestinal Investigation Unit of the Royal Adelaide Hospital 
(RAH). Subjects were excluded if aged less than 18 years, pregnant, known to have diabetes, had a 
contraindication to endoscopy, had a history of surgery on the stomach, duodenum or small intestine, or 
were at increased risk of bleeding due to platelet or coagulation disorders or medications. The female 
subject was studied during the follicular phase of her menstrual cycle. Protocols were approved by the 
Human Research Ethics Committee of the Royal Adelaide Hospital and were conducted in accordance 
with the Declaration of Helsinki as revised in 2000. Each subject provided written informed consent.  
 
Subjects fasted overnight, and after attending the endoscopy unit at 0900 an intravenous cannula was 
inserted into a forearm vein for blood sampling. A small diameter video endoscope (GIF-XP160, 
Olympus, Tokyo, Japan) was then passed via an anesthetised nostril or mouth into the second part of the 
duodenum, where mucosal biopsies were collected using standard biopsy forceps and immediately 
placed in 4% paraformaldehyde (PFA) for 2 hours. An intraduodenal (ID) infusion containing 30 g 
glucose in 150 mL was then commenced at T=0 via the biopsy channel of the endoscope, and continued 
for 30 min (1 g/min; 4 kcal/min) Three further biopsies were then collected at T=30.  
 
For ex vivo secretion experiments, patients gave consent for tissue donation at Flinders Medical Centre 
and Flinders Private Hospital approved by the Southern Adelaide Clinical Human Research Ethics 
Committee. Ileal and colonic tissue specimens were collected from patients undergoing bowel resection 
for cancer or stoma reversal. In the case of resection specimens, samples were obtained from sites at 
least 10 centimetres proximal to the tumour location. Specimens from patients with clinical or 
macroscopic evidence of inflammatory bowel disease were excluded from this study. Characteristics of 
the patient cohort are listed in Supplementary Table 1. For duodenal ex vivo experiments, a total of three 
patient samples were collected as biopsy tissue. Different tissue from each individual was used at two 
different sites on the same day. The specimens were immediately placed in iced-cold Krebs buffer (in 
mM, NaCl 138, KCl 4.5, CaCl2 2.6, NaHCO3 4.2, MgCl2 1.2, NaH2PO4 1.2, HEPES 10, Glucose 5) and 
transported to the laboratory for dissection within 15 minutes. The specimens were rinsed with iced-cold 
Krebs buffer to remove any luminal content and dissected clear of adipose, muscular and connective 
tissue. The mucosae were gently dissected off from the submucosae as intact sheets using a stainless 
steel spatula, cut into 5 mm pieces and weighed individually. The mucosal pieces were then transferred 
to a 96-well plate for secretion assays. 
 
Immunohistochemistry: 
 
Fixed tissues were cryoprotected (30% sucrose in phosphate-buffered saline, PBS), embedded in 
cryomolds, and frozen, before being sectioned at 10 μm (Cryocut 1800, Leica Biosystems, Nussloch, 
Germany) and thaw-mounted onto gelatin-coated slides. Immunoreactivity was detected using a 
polyclonal GLP-1 primary antibody (C-17, 1:400, SC-7782 Santa Cruz Biotechnology) and a polyclonal 
phospho-Ca2+-calmodulin-dependent protein kinase II primary antibody (pCaMKII, 1:400, AB32678 
Abcam) by sequential labelling. Immunoreactivity for GLP-1 and pCaMKII were visualised using 
species-specific secondary antibodies conjugated to Alexa Fluor dyes (1:200 in PBST) as previously 
described (21; 22).  
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Imaging and cell counts: 
 
Nucleated mucosal cells immunopositive for GLP-1, pCaMKII or both markers were counted per square 
millimetre of duodenal mucosal area under high power field in an observer-blinded manner. Counts 
were averaged over at least 10 intact transverse sections per subject.  
 
Secretion experiments: 
 
Mucosal pieces were incubated with 250μL of buffer (control) or buffer containing test agents in a 96-
well plate for 15 minutes. Each well received a single treatment, and secretion was compared to that 
under control conditions in tissue from the same patient. The buffer was a modified Krebs buffer 
described above with the addition of sitagliptin 1 μM and 0.1 % fatty acids-free bovine serum albumin 
(BSA, A1595, Sigma Aldrich) at pH 7.4. Following incubation at 37 °C in 95 % O2/5 % CO2, 
supernatants were collected and stored in aliquots at -20 oC. Active GLP-1 levels were quantitated using 
a commercially available ELISA kit, according to manufacturer’s instructions (EGLP-35K, Merck 
Millipore). All compounds for ex vivo studies were purchased from Sigma Aldrich. Hormone secretion 
was normalized, as indicated, to the basal secretion measured in parallel from the same sample on the 
same day. 
 
Statistical analysis: 
 
All statistical analysis was conducted as paired analyses, comparing responses in tissues obtained from 
the same individual to relevant control conditions. A paired ratio Student’s t-test was used for single 
comparisons. As secretion experiments did not always include a full sequence of all conditions used in 
this study, a paired one-way ANOVA with Fishers Least Significant Difference post-hoc test was used 
for multiple comparisons. Statistical significance was P < 0.05. All data are shown as mean ± SEM. 


