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EXPERIMENTAL DESIGN FOR SUPPLEMENTAL STUDIES 

 

Identification and cloning of NRTN in embryonic pancreas: A cDNA library was constructed from 

dorsal pancreatic buds dissected from 6 day old chick embryos. The frozen tissue was homogenized and 

lysed in guanidinium isothiocyanate solution. The RNA was extracted with standard acid phenol pH 4.7 

method. The mRNA was then isolated using the Micro-FastTrack 2.0 mRNA isolation kit (Invitrogen, 

Groningen, Netherlands) and used to construct the cDNA libraries according to the recommended 

protocols in the SUPERSCRIPT cDNA synthesis and plasmid cloning system (Gibco/BRL). Following 

transformation into DH10B host cells, single colonies were picked and the subjected to PCR in order to 

amplify the cloned cDNA insert and in vitro transcribe to generate Digoxygenin labelled RNA probes 

(Roche). The RNA probes were used in a whole-mount in situ hybridization screen to determine the 

expression of their respective transcripts in early chick embryos. From the pool of cDNAs with a clear 

pancreatic expression signal, candidates encoding secreted proteins including NRTN were identified by 

sequencing. To confirm Nrtn expression in the embryonic pancreas, a cDNA fragment encoding amino 

acids 104 to 198 of the chicken homolog of Nrtn (27) was in vitro transcribed to generate Digoxygenin 

labelled RNA probe for in situ hybridization to whole-mount chick embryos. 

 

Assessment of proliferative (Ki67-positive) pancreatic -cells, and -cell mass in pancreata from ZDF 

rats treated with liraglutide or NRTN. To assess -cell proliferation, duplex staining was performed 

using a rabbit anti-Ki67 monoclonal antibody (ABCAM cat# ab16667) and a guinea pig anti-insulin 

polyclonal antibody (DAKO code A0564). The slides were stained on the Ventana Discovery Ultra 

IHC/ISH research slide staining system using Ventana protocol No. 2001 (Ventana Medical Systems, 

Roche, Tucson, AZ). This protocol included a heated antigen retrieval pretreatment step (Cell 

Conditioner 1, 32 min, 95 C), followed by the anti-Ki67 antibody (20 min, 37 C), and detection with 

OmniMap anti-rabbit HRP (Ventana cat#760-4311) and ChromoMap DAB (Ventana cat#760-159); then 

a denaturation step (8 min, 90 C), followed by the anti-insulin antibody (20 min, 37 C), and detection 

with OmniMap anti-mouse HRP (Ventana cat#760-4310) and DS Discovery Purple (Ventana cat#760-

229). To assess -cell mass duplex staining was performed using a rabbit anti-glucagon polyclonal 

antibody (Ventana cat#760-2644) and a guinea pig anti-insulin polyclonal antibody (Ventana cat#760-

2655). The slides were stained on the Ventana Discovery Ultra IHC/ISH research slide staining system 

using Ventana protocol No. 2025 (Ventana Medical Systems). This protocol included a heated antigen 

retrieval pretreatment step (Cell Conditioner 1, 95 C, 32 min), followed by the anti-glucagon antibody 

(32 min, 37 C), and detection with OmniMap anti-rabbit HRP and ChromoMap DAB as described 

above, then a denaturation step (8 min, 90 C), followed by a second heated antigen retrieval step (DS 

Cell Conditioning, 95 C, 32 min), and the anti-insulin antibody (44 min, 37 C), and detection with 

OmniMap anti-mouse HRP and DS Discovery Purple. All sections were counterstained with 

hematoxylin and coverslipped and additional pancreas sections, incubated with non-immune isotype 

antibody, were included as an assay control. Stained pancreas sections mounted on glass slides were 

digitally scanned at 20 × magnification using an Aperio ScanScope AT Turbo brightfield scanner (Leica 

Biosystems, Buffalo Grove, IL). The dual-labeled slides were imported into Definiens Developer XD64 

(Definiens AG, Munich, Germany), and bespoke solutions were developed to enumerate the number of 

insulin-positive cells, and the number of insulin and Ki67 dual-positive cells; the proportion of dual-

positive cells was then calculated as: Ki67+insulin+ cells/number of insulin+ cells. For -cell mass, 

bespoke solutions were used to measure the total pancreas area, insulin-positive area, and glucagon-

positive area. The accuracy of the software-based solutions was confirmed by visual inspection and 

comparison of the original slides with the software-labeled slides by a board-certified pathologist 

(Jennifer A. Cann).  
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Determining expression of Gfra1, Gfra2 and Ret in tissues and cell lines: cDNA for rat tissues were 

purchased from Zyagen (San Diego, CA). Human neuroblastoma cell line TGW, human EndoC beta cell 

line, and rat insulinoma cell line INS1 were grown, and total RNA isolated using Qiagen RNA Easy kit 

followed by cDNA preparation using SuperScript III first strand cDNA synthesis mixture (Invitrogen). 

Real-time RT-PCR was performed using SyBr Green Super Mix (BioRad) and the reactions were run on 

BioRad CFX384 Touch Real-Time PCR detection systems. CT method was used to determine the 

relative expression of different receptors, and the results are presented as relative to TBP expression as 

100%. 

 

Following PCR primers were used for the study: 

 

Primer Forward Primer Sequence Reverse Primer Sequence 

HuGFRa2 CAGTGTCATCACCACCTGC GACAGACAGCACGGTCAAG 

HuGFRa1 GTGTCGGGCAATACACACCT GGACAGAGCGGTTACCACC 

HuRET ACAAAAGGCCGGTGTTTGC GAGTCAGATGGAGTGGACGC 

RatGfra2 CACGGAAAACCCATGCCTC AGGAGTCTTCTCCACCCGA 

RatGfra1 TCCCCACACACGTTTTACCA CAGCGAGACCATCCTTTCCG 

RatRet AGCGAGGAAATGTACCGCC GATGCAGCCAGGTCCAAGTA 

 

Immunofluorescent labelling of RET and GFRa2 with neural markers in pancreatic tissue. Control ZL 

rat pancreas sections were incubated with goat anti-rat GFRa2 (#AF429, R&D Systems, Minneapolis, 

MN) at 1:200; goat anti-RET (#AF482, R&D Systems) at 1:200; rabbit anti-tyrosine hydroxylase 

(AB152, EMD Millipore, Billerica, MA) at 1:2000; and/or rabbit anti-vAChT (139103, Synaptic 

Systems, Goettingen, Germany) at 1:1000. Primary antibodies were detected with appropriate anti-goat 

and anti-rat secondary antibodies, visualized with rhodamine (Ventana, #760-233) or TSA Plus Cy5 

(NEL745001KT, Perkin Elmer, Akron, OH), and counterstained with Dapi.  

 

Quantitative assessment of pancreatic cellular mass of diabetic ZDF rats following treatment with 

vehicle, NRTN, liraglutide, or NRTN + liraglutide. Assessment was performed by stereology technique. 

Briefly, pancreas samples were removed en bloc at the end of the study and fixed in 10% neutral 

buffered formalin and stored at 4°C until used. After dissection samples were weighed and rolled into 

strips of standard medical gauze before overnight infiltration with paraffin in an automated Miles 

Scientific Tissue-TEK VIP Tissue Processor. Samples were then cut into 7-8 systematic uniform random 

tissue slabs (4 mm thick) with a razor blade fractionator and embedded in two paraffin blocks (A+B) 

with the cut surface down. The blocks were trimmed and 4 µm-thick sections were cut from each block. 

For each animal, a section from block A and a section from block B were arranged on one slide, 

representing in total a systematic uniform random sample of the whole pancreas. The paraffin-embedded 

sections were de-paraffinated in xylene and rehydrated in series of graded ethanol. Heat induced antigen 

retrieval was performed by boiling the sections in Tris-EGTA buffer (pH 9) for 10 min. Subsequently, 

sections were immunostained on an AutostainerLink 48 (Dako, Agilent Technologies, Glostrup, 

Denmark) according to the following procedure: peroxidase activity was quenched in 1% H2O2 followed 

by blocking in 5% normal swine serum, 1% bovine serum albumin, and 0.2% Tween 20. Sections were 

incubated for 45 min with a primary rabbit-anti–glucagon antibody (Phoenix H-028-02, 1:5000) diluted 

in serum blocking solution. The glucagon antibody was amplified using the Envision+ anti-rabbit HRP-

coupled polymer system (Dako) and visualized in a DAB-Nickel sulphate solution, producing a distinct 

black staining of alpha cells. Next, blocking was repeated followed by incubation for 45 min with a 

guinea-pig anti-insulin antibody (A0564, Dako) diluted 1:2000 in serum blocking solution. The primary 
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antibody was detected by a biotinylated secondary donkey anti-guinea-pig antibody (Jackson 

immunoresearch 706-065-148, 1:2000). The secondary antibody was amplified using the Vectastain 

ABC elite kit (Vectorlaboratories PK6100) and visualized with Impact NovaRed (Vector Laboratories, 

SK-4805), producing a distinct reddish-brown staining of beta cells. Finally, sections were 

counterstained in Gill's hematoxylin and cover slipped with pertex. Sections were rinsed in wash buffer 

(TBS+Tween 20, TBS-T) between steps. Stained sections were digitized under a 20X objective in a 

Scanscope AT slide scanner (Aperio) for image analysis. Total mass of alpha and beta cells was 

quantified by image analysis using the Visiomorph software (Visiopharm). The quantitative estimates of 

alpha- and beta-cell masses were calculated as an area fraction multiplied by the total dissected pancreas 

mass.  
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Supplementary Figure 1. Identification of NRTN from an embryonic cDNA library screen for secreted 

factors. A) A schematic outlining the screening approach to identify secreted factors from embryonic 

pancreatic cDNA library. B) Whole-mount in situ hybridization of Digoxygenin labeled Nrtn-probe on 

day-5 chicken embryo.  C) A similar whole-mount in situ hybridization with Aqp4 (aquaporin4) probe 

shows different hybridization specificities of Nrtn and Aqp4. Duodenum (dd), ventral pancreatic bud 

(vpb), stomach (st), lung (lu), dorsal pancreatic bud (dpb). 
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Supplementary Figure 2. No difference in proliferation or pancreatic alpha-cell mass in pancreata 

from ZDF rats treated with liraglutide or NRTN. Pancreatic -cell mass (A) or proliferation of -cells 

(B) was not altered by treatment. Ki67+insulin+/insulin+ cells is shown in (B).  
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Supplementary Figure 3. Reduced expression of Gfra2 and Ret in the pancreas and -cells. cDNA 

corresponding to indicated adult rat tissues, isolated rat islets and cell lines was used in a quantitative 

PCR assays to detect the expression of Gfra2, Gfra1 and Ret. Expression of these genes was normalized 

to the expression of TATA binding protein (Tbp) in the same samples and the data presented as % of 

Tbp expression (mean ± SEM), n=3-5. 
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Supplementary Figure 4. Minimal co-expression of NRTN receptor components in rat islets. Pancreatic 

islet (A) or ganglia (B) from ZL rats dual-labeled with GFRa2 and vAChT (A), or pancreatic ganglia 

dual-labeled with GFRa2 and tyrosine hydroxylase (C), or RET (D). Within islets there was multifocal 

punctate staining of GFRa2 which does not co-localize with vAChT-positive nerve fibers (arrows). 

Serial sections of a ganglion demonstrated intracytoplasmic expression of GFRa2 and RET in 

cholinergic neuronal cell bodies. Pancreatic neurovascular bundle from ZL rat dual-labeled with GFRa2 

and TH (E) demonstrated co-expression of GFRa2 and TH in adrenergic nerves. GFRa2 expression was 

also found in the vascular endothelium and medial smooth muscle cells. Pancreatic islet (F) and 

ganglion (G) from ZL rat dual-labeled with RET and vAChT demonstrated intracytoplasmic expression 

of RET in small vAChT-positive nerve fibers (F, islet; white arrows) and cholinergic neuronal cell 

bodies (G, ganglion). Pancreatic neurovascular bundle (H) from ZL rat dual-labeled with RET and TH 

demonstrates expression of RET in adrenergic nerves. RET expression was also found in the vascular 

endothelium and medial smooth muscle cells. 
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Supplementary Figure 5. Quantitative assessment of pancreatic cellular mass of ZDF rats following 

treatment with vehicle, NRTN, liraglutide, or NRTN + liraglutide. No effect of treatment group on 

pancreas wet weight (A). Liraglutide treatment was associated with higher -cell mass compared to 

vehicle-treated controls (B), and there was no treatment-related effect on -cell mass (C). *p<0.05 vs. 

ZDF vehicle. 
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Supplementary Figure 6. In ZDF rats with comparable glycemia, liraglutide-treated animals secrete 

more of their insulin content than NRTN-treated animals. Levels of terminal fasting insulin (Figure 2B) 

and pancreatic insulin content (Figure 3F) from individual animals treated with liraglutide or NRTN (10 

mg/kg), with nearly identical random-fed (Figure 1B) and fasting glucose (Figure 2A), was compared. 

Data show that liraglutide treated animals secrete a higher proportion of their insulin content to maintain 

similar glucose. 
 

 


