
 

 

 

Discovery of novel therapies for diabetes is currently impaired 

by the shortage of human beta cells for drug screening. Beta 

cells comprise the main population of pancreatic islet cell 

clusters and are responsible for insulin release to regulate 

glucose levels.  

The generation of in vitro screening models of insulin-producing 

beta cells from stem cells would provide an unparalleled cell 

source for drug discovery in diabetes.  

Co-transplantation of mesenchymal stem cells (MSCs) and 

human islets is known to improve islet function and 

revascularization in vivo1. MSCs enhance islet cell survival and 

function by direct cell contact mechanisms and soluble 

mediators2,3,4.  

We have developed a synergetic co-culture strategy aiming to 

understand the trophic effects of adipose-derived stem cells 

(ADSCs) on induced pluripotent stem cell (iPS) differentiation 

towards insulin producing beta cells.  

We aim to develop a responsive glucose-stimulated insulin 

secreting screening platform to monitor beta cell differentiation. 
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Introduction 

• iPS and ADSCs express endodermal markers after day 5 of 

differentiation; 

• All biological conditions were viable at the end-point of 

differentiation; 

• The majority of pancreatic transcription factors were 

overexpressed at day 5, with the exception of HNF4a, HNF6, 

and ISLET1. However, these were detected at high levels by 

day 18 of  differentiation; 

• A significant increase in C-peptide and insulin release, in a 

glucose-dependent manner, was detected in iPS cultures 

with secretome coating; 

• The direct cell co-cultures resulted in repressed glucose 

stimulated insulin release, in contrast with the effect of the 

secretome coating on iPS cells alone; 

• ADSCs secretome was found to be mainly composed of 

inflammatory molecules and angiogenic factors. 
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1. Stem Cell Characterization 

 Undifferentiated iPS express typical iPS markers (OCT4 and 

TRA1-60) also CD73 and CD90; but not CD105; 

 Undifferentiated ADSCs express typical MSC surface markers 

(CD105, CD90 and CD73) but not OCT4 and TRA1-60 

Figure 1. Undifferentiated iPS and ADSCs characterization. Immunolabeling for typical iPS 

markers (OCT4 & TRA1-60) and typical mesenchymal surface markers (CD105, CD90 & CD73) ; 

counterstained with Hoechst (blue). 

3. Differentiation end-point viability assessment 

 All culturing conditions are viable at the end-point of the 

differentiation assay (18 days) 

Figure 3. Viability assessment at the end-point of differentiation (18 days). 

Fluorescence-based LIVE/DEAD® assay.    

2. Endoderm commitment – day 5 of differentiation  

 Endoderm differentiation increased FOXA2 expression in       

iPS;  

 In ADSCs FOXA2, SOX17, NKX6.1 and PDX1 increased. 

Figure 2. Assessment of iPS and ADSCs endoderm commitment. Immunolabeling of 

endoderm markers (SOX17 and FOXA2) and pancreatic endoderm (NKX6.1, PDX1 and 

NGN3); counterstained with Hoechst (blue). 

4. Pancreatic gene expression evaluation  

 Pancreatic transcription factors NGN3, NEUROD1, MAFA 

are mainly expressed at day 5 of differentiation; 

 HNF4a, HNF6, and iSLET1 expression persists until day 18 

of differentiation; 

 

Figure 4. Gene expression data presented as fold change. Data analyzed by Two-way 

ANOVA followed by Dunnett´s multiple comparisons test. For each experimental group data was 

normalized to day 0. **** P < 0.0001; ***  P ]0.0001-0.001[; **   P ]0.001-0.01[; * P ]0.01-0.05[ 

 

5. Glucose-stimulated-insulin secretion (GSIS) assay) 

 The secretome from freshly isolated ADSCs in co-culture with 

iPS significantly increases C-peptide and insulin release in a 

glucose-dependent manner;  

 Co-culture of iPS+ADSCs decreases the release of C-peptide 

and insulin; 

 

6. ADSC-derived secretome characterization 

 Multiple cytokines and growth factors could be 

detected in the ADSC secretome 

Figure 6. Cytokine array ELISA comparing two different batches of ADSCs secretome.   

Figure 5. ELISA measurements of human insulin and C-peptide release after 1 hour of glucose 

stimulation. Data analyzed non-parametrically using a Kruskal-Wallis test followed by Dunn´s 

multiple comparisons test . **** P < 0.0001; **   P ]0.001-0.01[. 
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