
Type-I Diabetes mellitus (TIDM) affects about 2.3 

million patients in the U.S while an additional 15,000 

new patients are diagnosed annually.  TIDM is an 

autoimmune mediated disorder leading to the 

destruction of insulin producing pancreatic β cells. 

Poorly controlled TIDM may lead to vascular disease, 

diabetic neuropathy, blindness and renal disease. 1,2,3
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Conditions:  

Cell concentration: 1.5X104cells/cm2

Two oxygen levels:

1% O2    -Transplantation condition

20% O2 -Tissue culture condition

Period of time: 24 hours

Temperature: 370C

Current dependency on pancreatic islets from cadaveric donors is not 

sufficient as clinical solution

Objective : Improving Islet’s engraftment in vivo by promoting vascularization 

HIF1α protein expression is correlated with VEGF secretion

Conclusions

• An in vitro model was developed to explore the effect of down-regulating HIF1α protein

de-stabilizers using siRNA on cells engraftment potential as well as on insulin production and 

secretion.

•Using INS-1 cells as a model for fully differentiate b cells, the HIF1α pathway  was investigated:

o HIF1α pathway is activated in INS-1 cells in low oxygen conditions (hypoxia).

o INS1 cells secrete more VEGF under low oxygen conditions (hypoxia).  

o Secreted soluble factors such as VEGF induces tube formation and may 

promote islet vascularization.

o The HIF-1α pathway may play a key role in transplanted islets vascularization.

• An in vitro embryonic stem cells to endodermal like cells differentiation system were established 

to  ultimately produce pancreatic b cells.

Future Work

•Fully differentiate the embryonic stem cells to islet b cells. 

•Impact of siRNA down-modulation of HIF-1α pathway regulators on vascularization of embryonic 

stem cell derived islet b cells. 

• Correlate level of insulin secretion,HIF-1α pathway activation and vascularization.

•Explore in vivo engraftment and function of siRNA treated embryonic stem cell derived islet b cells.

HUVEC in complete media 

on tissue culture plastic 

HUVEC in complete media 

on Matrigel

INS-1 Conditioned Media 20%O2 INS-1 Conditioned Media 1%O2  
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Results

Tube formation assay

INS-1 cells exhibits higher potential to promote vascularization  when HIF1a protein 

levels are elevated under low oxygen environment
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Hypoxic chamber

Immunohistochemistry

VEGF ELISA cholorimetric assay

Fluorescent intensity represents the expression level and location of the  protein of interest in the 

cell.

Protein of Interest Step1: Primary Antibody

INS-1 cell
Step2: Secondary Antibody Fluorescent 

Tag

Step3: Cell imaging using epifluorescent

microscope

Light emission  intensity represents the expression level of the  protein of interest in the 

conditioned media. 

Hypoxic Chamber provides controlled 

gas and temperature conditions for cells 

20%O2  24 hr 1%O2 24 hr

PDX-1 is a key transcription factor which regulates insulin production in b- cells. Literature suggests 

that under hypoxic conditions islets function and insulin secretion is reduced7. Therefore high levels 

of islet vascularization may provide higher oxygen tension in the islet and promote insulin 

production. 

Insulin production regulation Under 20% and 1% Oxygen Conditions
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Project Goal: To develop donor independent cell-based therapy to treat TIDM  

2. Embryonic stem cell derived pancreatic islets

A major setback of islet transplantation is insufficient blood supply to the transplanted islets 

which leads to low oxygen environment (hypoxia) and eventually to poor islet engraftment 

as well as reduced islet function 4-9. HIF1a protein is a master regulator of the cells’ 

response to low oxygen environment. When HIF1a protein is stabilized, it up-regulates 

genes which may promote connection to blood supply (vascularization) such as the 

Vascular Endothelial Growth Factor (VEGF). 

We hypothesize that in vitro (pre-transplantation) transient down-modulation of HIF1a de-

stabilizers such as VHL, Prolyl Hydroxylases and FIH proteins will stabilize the HIF1a

protein faster and to higher extent. This will promote vascularization which will improve 

islets’ engraftment in patients with Type I Diabetes Mellitus. 

HIF1α protein level is higher in INS-1 cells cultured at 1% O2 for 24 hours
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1. INS-1 pancreatic β-cells from Rat 

as a model for differentiated b cells Direct differentiation mimics the process of 

stem cell differentiation in vivo as indicated in 

figure 4. Direct Differentiation of ESD3 Mouse 

embryonic stem cells to an endodermal lineage 

which can give rise to pancreatic cells such as 

b cells was performed as illustrated in figure 5.

ESD3 colonies

Collagen layer

Primary rat hepatocytes

Embryonic stem cells differentiation to endodermal like cells.

These cells will eventually be differentiated to pancreatic b cells.
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Phase contrast microscopy

Figure 11: ESD3 cells co-cultured on top of a rat primary hepatocyte sandwich for 10 days exhibited 

endodermal cell lineage characteristics as indicated by the loss of the pluripotent cell marker Oct4, the 

expression of endodermal cell marker FoxA2, as well as acquiring endodermal like cell morphology.12

What is Type I Diabetes Melitus?

Figure 1: Pancreatic islets structure and function

Transplantation of pancreatic islets from 

cadaveric donors is a promising therapy 

since it offers tight glucose control without 

major surgery. Currently, the donor pool 

cannot meet the demand and islets derived 

from embryonic stem cells (ESC) can serve as a 

donor independent source for β cells 

transplantation.

Figure 2: Transplantation of pancreatic 

islets from cadaveric donors

Figure 3: HIF1a protein is de-

stabilized under normal oxygen 

environment while stabilized under 

low oxygen environment11.

The Hypothesis

Our  hypothesis will be tested using two fully functional and differentiated b cells 

models; initially the pancreatic β-cell insulinoma line INS-1pancreatic from Rat were 

used as a model for embryonic stem cell derived b cells and later on embryonic stem 

cell derived b cells. 

Embryonic stem cells Endodermal cells Pancreatic b cells

Figure 4: Direct differentiation of embryonic stem 

cells to pancreatic β cells. Cells express stage 

specific markers.

Figure 5: ESD3 were plated onto a primary rat 

hepatocytes collagen sandwich with C+H media for 

10 days.

Materials and Methods (Continued) 

Figure 6: The potential of b cells to promote vascularization using soluble factors is correlated to the 

extent of  tube cross section like structures of endothelial cells .

Figure 7: HIF1α protein level in INS1 cells cultured at 20% O2 and 1% O2 for 24 hours. ( Blue - Nucleus 

stained with Hoechst stain; Green - Immunohistochemistry for HIF1α protein; 10X magnification).   

Figure 8: Immunohistochemistry and  ELISA  analysis indicate that INS-1 cells under 1% O2 for 24 

hours expressed about 3 fold higher levels of HIF1α protein as well as secreted 14.4 % ±6.33%more 

VEGF per cell.

Figure 9: Conditioned media from INS-1 cells cultured at 1% O2 promoted tube formation to a higher 

extent than conditioned media collected from INS-1 cells cultured at 20% O2 for 24 hours (4X 

magnification).

Figure 10: Immunohistochemical analysis indicates that PDX-1 protein level  is reduced in cells 

cultured at 1% O2 for 24 hours. Blue: DAPI (nuclei), Green: PDX-1 protein (10X magnification).
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