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Insulin 

Hyperglycemia 

Autoimmune destruction of  beta cells 

Type 1 diabetes 



Type 1 diabetes 
The number of  adults with diabetes has doubled world-wide over the last 
three decades to nearly 350 million 

5-15 % of  cases of  diabetes worldwide 
0.24% of  W. European pop 
 
 
 
 
 
Selective autoimmune destruction of  b-cells 
 

Ä b-cell replacement 

 
 
Incidence/100,000 pop: 
9.2 new cases in Switzerland 
57.6 new cases in Finland 
4.6 new cases in Georgia 
 



Banting & Best 
1921 -  isolation of  insulin      1922 - first patient treated           1923 : Nobel Prize 

Insulin 



DCCT. N Engl J Med 1993; 329: 977. 



Progression of  diabetic disease 

nephropathy è dialysis retinopathy è blindness 

macroangiopathy è amputation, myocardial infarction 



Physiologic b-cell replacement 

Perfectly timed insulin 
release 

Keep glucose  
in normal range 

Function for entire lifetime 
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Automated method for human islet isolation 

Ricordi C, Lacy PE et alt; Diabetes. 1988 Apr;37(4):413-20. 



“Insulin independence after solitary islet 
transplantation in type 1 diabetic patients using 

steroid-free immunosuppression” 

n  7 consecutive patients achieved euglycemia during a 
mean follow-up of  11 months, with normal HgbA1c and 
GTT 

n  6/7 patients required >1 donor (>1 transplant) a median of  
29 days from the first procedure 

n  Mean islet equivalents =11,400/kg required to achieve 
euglycemia 

n  Cadaveric pancreata from older donors >45 yo (70% would 
have been discarded) 

Shapiro AMJ et al, NEJM 2000; 343:230	
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Indications for Tx 

n  Type 1 DM + end-stage kidney failure: 
 Simultaneous islet-kidney Tx (SIK) 
    
    

n  Type 1 DM in kidney graft recipient: 
 Islet after kidney Tx (IAK)   

  
Ø Treatment of chronic complications of diabetes 



Indications for Tx 

n  Brittle type 1 diabetes, severe hypoglycemia 
 

 Islet Tx alone (ITA) 

Ø Treatment of acute complications of diabetes/
insulin therapy 



Indications for Tx 

Isolation fails 50% of time 

Side effects of anti-rejection, 
anti-autoimmunity 
immunosuppressive drugs 

6,182 available organs (US) 
Only 23.8% procured/used 
~ 400 organs for islets 

2-3 donor organ islets/recipient 

Challenges for Islet Transplantation 

Long-term “success” 
80% at I yr → 
~ 20% at 5 yrs 



n  Perform islet transplantation without chronic 
immunosuppression 

n  Create a “universal donor” source of  insulin-secreting cells 
for transplantation 

n  Stem Cells, Tissue reprograming, regeneration of  beta cells 

n   Immune Tolerance 

n  Tissue Engeenering 

n   Hybrid Devices and Local Delivery of  IS/IM 

n  Find alternative implantation site 

Future of  Cell Therapy for Diabetes 



Joseph B et alt. Nat Med. 2004 Jul;10(7):749-53 



Small intestinal submucosa would serve 
as a suitable place for pancreatic islet 

transplantaton 

Hypothesis 



•  Extravascular site 
•  Portal drainage 
•   Well vascularized environment 
•   Naturally enriched in collagen types I, III and   

VI, glycosaminoglycans (hyaluronic acid, 
chondroitin sulfate A and B, heparin, heparan 
sulfate), proteoglycans, fibronectin 

•   Several growth factors required for 
angiogenesis and cell growth are expressed in 
the intestinal submucosa (VEGF, FGF, HGF, and TGF-b) 

Priorities of  IS Site 



Fabrication of  intestinal segments and islet transplantation   

Materials and Methods 

Lewis Rats 

STZ diabetic 
Lewis Rats 



Stz diabetic Lewis Rats 
(n=20) 

IS Tx & IP Tx 

500 IEQ 
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Pancreatic Islet Tx into the intestinal submucosa 
induces euglicemia 

POD 7 

Intestine 

Islets 



Kakabadze Z et alt. Transpl Int. 2011 Feb;24(2) 



Stz diabetic Lewis Rats 
(n=20) 

IS Tx vs IP Tx 

350 IEQ 

IS graft removal: 1 w, 2 w,  
1.5 m, 3 m, 6 m, 9m,  12 m  

 

Intestinal Submucosal Site vs Liver 

2D Graph 12
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H&E 

Masson’s Trichrome 



Vascular casting of  graft bearing intestinal segment  



α-SMA VEGF 
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Insulin Glucagon 
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Conclusions 

•  Our studies demonstrate that pancreatic islets can be successfully 
transplanted into vascularized small intestinal segments with the 
potential to correct hyperglycemia in diabetic rats 

•  Islets transplanted in intestinal segments had normal morphology, 
and maintained expression of  insulin as well as glucagon. 

 
•  These encouraging features of  the isolated intestinal segment open 

new research avenues for addressing biological mechanisms and 
clinical applications.  

•  This tissue-engineering approach could eventually be considered for 
cell therapy in diabetes mellitus. 





Fabrication of  venous sac and islet transplantation   

Materials and Methods 

Lewis Rats 

STZ diabetic 
Lewis Rats 



Stz diabetic Lewis Rats 
(n=20) 

IV Tx & IP Tx 

350 IEQ 

IV graft removal:     
3 d, 7 d, 14 d, 

60d 

Pancreatic Islet Tx into the venous sac induces 
euglicemia 



Histopathological evaluation of  explanted islet-
containing venous sacs  



Integrity and vascular supply of  venous sacs  

(A) Vascular casts obtained 
with latex dye of  lumbar 
vessels showing vasa 
vasorum in healthy rat.  

 
(B) Vascular casts in rat 3 d 

after islet transplantation 
showing patent vessels 
and vasa vasorum 



Regulation of  blood glucose levels in diabetic rats after islet 
transplantation  



Conclusions 

•  Our studies demonstrate that venous sac permitted engraftment, 
survival and function of  transplanted pancreatic islets over the long-
term  

•  Even a minimal mass of  pancreatic islets in isolated venous sacs was 
successful in restoring euglycemia in STZ-treated diabetic rats . 

 
•  the venous sac should be useful for testing the fate and function of  

stem cell-derived pancreatic beta cells or islets in the future  

•  The simplicity of  transplanting islets in venous sac should advance 
studies for clinical development.  
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Thank You! 

Mesenchymal stem cells forming a beautiful heart shape. 
Image copyright Sarah Ranjbarvaziri,of  Dalhousie University, 
Canada.  
  


