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Supplementary Table 1. List of primary antibodies used for FACS analysis. 

Antibody IsoType Supplier Dilution 

CD13 Mouse IgG1 ABDSerotec 1/100 

CD29 Mouse IgG1 ABDSerotec 1/100 

CD31 Mouse IgG1 ABDSerotec 1/50 

CD34 Mouse IgG1 ABDSerotec 1/100 

CD44 Mouse IgG2a ABDSerotec 1/10 

CD45 Mouse IgG2a ABDSerotec 1/10 

CD49b Mouse IgG1 ABDSerotec 1/50 

CD54 Mouse IgG1 ABDSerotec 1/50 

CD73 Mouse IgG1 Hycult Biotech 1/50 

CD90 Mouse IgG1 ABDSerotec 1/10 

CD105 Mouse IgG1 ABDSerotec 1/50 

CD117 Mouse IgG1 ABDSerotec 1/5 

IgG1 Neg Mouse IgG1 ABDSerotec 1/100 

IgG2 Neg Mouse IgG2a ABDSerotec 1/100 

 
Supplementary Table 2. List of TaqMan® gene expression primers used for QRT‐PCR. 

Gene Assay Number 
PDX1 Hs00236830_m1 
MAFA Hs01651425_s1 
PAX4 Hs00173014_m1 
NGN3 Hs00360700_g1 
NKX6.1 Hs00232355_m1 
PAX6 Hs00240871_m1 
INSULIN Hs00355773_m1 
AMYLASE Hs00949916_m1 
GLUCAGON Hs00174967_m1 
SOMATOSTATIN Hs00174949_m1 
CK19 Hs00761767_s1 
VIMENTIN Hs00185584_m1 
E-CADHERIN Hs01023894_m1 
EPCAM Hs00901885_m1 
GAPDH Hs99999905_m1 
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Supplementary Table 3. List of primary antibodies used for immunohistochemistry and 
immunocytochemistry. 

Antigen Host Species Dilution Supplier 
Pdx1 Rabbit 1/800 Abcam, Cambridge, UK  
MafA Rabbit 1/200 Santa Cruz Biotechnology, Heidelberg, Germany 
Pax4 Goat 1/200 Santa Cruz Biotechnology 
Ngn3 Rabbit 1/200 Abcam 
Insulin Mouse 1/1000 Sigma Aldrich 
C-Peptide Rabbit 1/100 Cell Signalling, Hitchin, UK 
Amylase Rabbit 1/200 Abcam 
Glucagon Mouse 1/1000 Sigma Aldrich 
CK19 Mouse 1/200 Dako, Denmark 
Vimentin 
Vimentin 

Mouse 
Rabbit 

1/200 
1/100 

Dako 
Proteintech 

E-Cadherin Rabbit 1/100 Becton Dickinson, Oxford, UK 
 
Supplementary Figure 1. Characterization of pancreatic exocrine fractions. (A) Dithizone staining of 
two unplated pancreatic exocrine fractions on arrival at the laboratory. Scale bar = 50 µm. (B) 
Immunocytochemistry for insulin (INS) and amylase (AML) of a pancreatic exocrine fraction cultured 
for 2 days. Scale bar = 20 µm. (C) Flow cytometry analysis of passaged exocrine fractions (n=2, both at 
passage 5) for cell surface markers that are typical of mesenchymal stem cells, endothelial and 
hematopoietic cells. (D) Differentiation of passaged pancreatic exocrine cells towards the adipocytic (a), 
osteoblastic (b) and chondrogenic (c) lineages. Scale bar = 20 µm. 
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Supplementary Figure 2. Genetic lineage tracing of AR42J-B13 and MIN6 cells. 
(A) Schematic representation of the two viral vectors used for amylase+ cells tracing in the AR42J-B13 
cell line. dsRed+ cells were monitored in culture for a 10 day period and analysed at days 4, 6, 8 and 10. 
Scale bar = 100 µm. (B) Schematic representation of the two viral vectors used for insulin+ cells tracing 
in the MIN6 cell line. dsRed+ cells were monitored in culture for a 10 day period and analysed at days 4, 
6, 8 and 10. Scale bar = 50 µm. 
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Supplementary Figure 3. Genetic lineage tracing of Insulin+ cells in pancreatic islet fractions. 
(A) Schematic representation of the two viral vectors used for insulin+ cells tracing. (B) dsRed+ cells 
were monitored in culture for a 10 day period. dsRed fluorescence (top row) and brightfield images 
(bottom row) were analysed at days 4, 6, 8 and 10. Scale bar = 50 µm. (C) Immunocytochemistry was 
performed at day 3, 7 and 10 on traced insulin+ cells. The β-cell marker insulin (INS), the mesenchymal 
marker vimentin (VIM) and the proliferation marker ki67 were analysed. Nuclei were counterstained 
with DAPI. Scale bar = 20 µm. 
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Supplementary Figure 4. Adenoviral uptake by cultured pancreatic exocrine cells. 
(A) Exocrine fractions were plated in tissue culture dishes and subsequently transduced with 
adenoviruses expressing the transcription factors Pdx1, MafA, Pax4 or Ngn3, each with an MOI of 100. 
Immunocytochemistry was performed after 72h for each transcription factor. Non transduced (N/A) 
cells were also stained for the four transcription factors. (B) Quantification of the percentage of cells that 
were expressing the exogenous pancreatic transcription factors. Data is presented as mean ± SEM, 
where n = 400 cells for each staining. 
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Supplementary Figure 5. Serum free medium increases endocrine hormone expression levels in 
cultured human pancreatic exocrine cells. (A) Human exocrine pancreatic cells were cultured in serum 
complete medium (SCM) or serum free medium (SFM) for 10 days. Cells were harvested and RNA 
extracted for QRT-PCR analysis of pancreatic markers. Data are expressed relative to GAPDH and 
presented as mean ± SEM, where n=3, (*) p-value < 0.05; (**) p-value < 0.01; (***) p-value < 0.001. 
(B) Human exocrine pancreatic cells were cultured in SCM or SFM and transduced with adenoviruses 
expressing Pdx1, MafA, Ngn3 and Pax4 (4TFs). After 24h betacellulin, exendin-4 or nicotinamide 
(BEN) was added to both SCM and SFM cultures. After 7 days the cells were harvested and QRT-PCR 
was performed. The data is expressed relative to GAPDH and presented as mean ± SEM, with n=3. 
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Supplementary Figure 6. Transdifferentiated pancreatic MSCs release glucagon in a regulated manner 
in vivo. (A) Blood glucose levels were measured in NOD/SCID mice grafted (A+B+4TFs+BEN) and in 
non grafted mice (Ctrl) over an 18 week period. n=5 animals in each group. (B) Glucagon was measured 
from the serum of grafted animals after a 4h starvation period (fast) or under ad libitum feeding (fed) 
conditions. n=5 animals in each group. (C) NOD/SCID mice were rendered diabetic with one dose (150 
mg/kg) of streptozotocin, one day prior to surgery. Blood glucose levels were measured in grafted 
(A+B+4TFs+BEN) and in non grafted mice (Ctrl) over a 5 week period. n=5 animals in each group. (D) 
Glucagon was measured from the serum of grafted animals after a 4h starvation period (fast) or under ad 
libitum feeding (fed) conditions. n=5 animals in each group. 
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Supplementary Figure 7. Ad-GFP transduction in exocrine pancreatic cells does not upregulate 
expression of pancreatic markers. (A) Human exocrine fractions were plate in tissue culture dishes in 
SFM and transduced with Ad-GFP at an MOI of 400. Transduced (Ad-GFP) and untreated (N/A) cells 
were harvested 7 days after infection and analysed by QRT/PCR. Data is expressed as mean ± SEM and 
expression is relative to GAPDH, with n = 3. (B) Immunostaining for insulin (Ins) and C-peptide (C-
Pep) of exocrine cells transduced with Ad-GFP. Nuclei were counterstained with DAPI. Data are 
representative of triplicate experiments. Scale bar = 50 µm. 
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Supplementary Figure 8. Bone marrow derived mesenchymal stem cells and human skin fibroblasts 
cells are less amenable to transdifferentiation towards endocrine pancreatic lineages.  
(A) Human neonatal skin fibroblasts were cultured in SFM containing 5-aza-2’-deoxycytidine and 
sodium butyrate for 72 hours, transduced with adenoviruses (4TFS) and cultured for 7 days in SFM 
containing  betacellulin, exendin-4 and nicotinamide (BEN). Treated and untreated (N/A) cells were 
then harvested and RNA extracted for QRT/PCR analysis. Data are represented as mean ± SEM and 
expressed relative to GAPDH, where p<0.05 (*), p<0.01 (**) or p<0.001 (***). (B) Human bone 
marrow mesenchymal stem cells (hBM-MSCs) were cultured in SCM containing 5-aza-2’-
deoxycytidine and sodium butyrate for 72 hours, transduced with adenoviruses (4TFS) and cultured for 
7 days in  SFM containing  betacellulin, exendin-4 and nicotinamide (BEN). Treated and untreated 
(N/A) cells were then harvested and RNA extracted for QRT/PCR analysis. Data are represented as 
mean ± SEM and expressed relative to GAPDH, where p<0.05 (*), p<0.01 (**) or p<0.001 (***). 

 
Supplementary Figure 9. Genetic lineage tracing of insulin+ cells in reprogrammed pancreatic exocrine 
cultures. (A) Schematic representation of the viral vectors used for lineage tracing. Unpassaged exocrine 
pancreatic cells were plated in tissue culture dishes and transduced after 24h with both lineage tracing 
vectors. After another 24h, the cells were cultured for 72h in SFM containing Y27632 (Y), SB431542 
(S), 5-aza-2’-deoxycytidine (A) and sodium butyrate (Bu). They were then transduced with adenoviruses 
expressing Pdx1, MafA, Ngn3 and Pax4 (4TFs) and cultured for 7 days in SFM containing betacellulin, 
exendin-4 and nicotinamide (BEN). Insulin+ traced cells were also cultured in the absence of the 4TFs 
but in the presence of all soluble factors (SFs), as well as in the absence of any factors (NA). (B) 
Immunostaining for insulin (INS) and C-peptide (C-PEP) was performed at the end of the protocol in 
insulin+ traced cells under the indicated conditions. Scale bar = 20 µm. (C) Immunostaining for amylase 
(AML) was performed at the end of the protocol in insulin+ traced cells under the indicated conditions. 
Scale bar = 20 µm. 
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Supplementary Figure 10. Genetic lineage tracing of amylase+ cells in reprogrammed pancreatic 
exocrine cultures. (A) Schematic representation of the viral vectors used for lineage tracing. Unpassaged 
exocrine pancreatic cells were plated in tissue culture dishes and transduced after 24 h with both lineage 
tracing vectors. After another 24 h, the cells were cultured for 72 h in SFM containing Y27632 (Y), 
SB431542 (S), 5-aza-2’-deoxycytidine (A) and sodium butyrate (Bu). They were then transduced with 
adenoviruses expressing Pdx1, MafA, Ngn3 and Pax4 (4TFs) and cultured for 7 days in SFM containing 
betacellulin, exendin-4 and nicotinamide (BEN). Amylase+ traced cells were also cultured in the absence 
of the 4TFs but in the presence of all soluble factors (SFs), as well as in the absence of any factors (NA). 
(B) Immunostaining for insulin (INS) and C-peptide (C-PEP) was performed at the end of the protocol 
in amylase+ traced cells under the indicated conditions. Scale bar = 20 µm.  

 
 
 
 
 


