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Islet transplantationIslet transplantation



Rationale for intensive Rationale for intensive glycemicglycemic
control: Diabetes Control and control: Diabetes Control and 
Complications Trial (DCCT)Complications Trial (DCCT)

• Intensive compared to conventional glycemic
treatment (HbA1c 7.4 vs. 9.1%) during 6.5 years 
has beneficial effects on the incidence of 
microvascular complications
• Nephropathy

• Retinopathy
• Neuropathy

DCCT, N Engl J Med 329: 977-986, 1993



Hypoglycemia
• Mild hypoglycemia – subjective (with 

symptoms), objective (glucose < 3 mmol/l)
• Severe hypoglycemia – outside help necessary 

(loss of consciousness)

• Hypoglycemia unawareness
• Oxford/Copenhagen (Diab Metab Rev 2004) 

• Hypoglycemia unawareness 12.5%
• 1.3 episodes/patient/year
• 10% of subjects – 69% of episodes

Price to pay for intensive Price to pay for intensive glycemicglycemic
control: hypoglycemia and control: hypoglycemia and 
hypoglycemia hypoglycemia unawarenesunawarenes



Complications despite intensive Complications despite intensive 
glycemicglycemic control  control  

EDIC, JAMA 290: 2159-2167, 2003



Glucose 
transporter 

GLUT2

Glucose
Insulin

The betaThe beta --cell: stimuluscell: stimulus --secretion secretion 
coupling for perfect coupling for perfect glycemicglycemic controlcontrol



Meier JJ, Diabetes 2006

Islets: Islets: pulsatilepulsatile insulin insulin secretorysecretory pattern pattern 

Versus

4 dd



Pancreas transplantation: patients with Pancreas transplantation: patients with 
type 1 diabetes and endtype 1 diabetes and end --stage renal stage renal 

diseasedisease
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Patient with 
type 1 

diabetesOrgan donor

Function pancreas?

• Production of digestive enzymes (98-99% of 
pancreas)

• Insulin production (1-2%)



Normal pancreas and isletsNormal pancreas and islets

Islet of LangerhansIslet of Langerhans
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1/100 mm







Where to transplant pancreatic islets?















Meier JJ, Diabetes 2006

Islet transplantation restores insulin Islet transplantation restores insulin 

pulsatilitypulsatility



Continuous glucose monitoring after Continuous glucose monitoring after 

pancreas or islet transplantationpancreas or islet transplantation

Pancreas

Islets

Lehrmann et al, Diabetologia 2006



• Attenuation of glucose fluctuations
• Abolishment of hypoglycemic episodes 

• Restoration of hypoglycemia awareness
• Improvement in quality of life

Islet transplantation and acute diabetic Islet transplantation and acute diabetic 
complicationscomplications



• Stabilizes diabetic retinopathy
• Improves cardiovascular function and vascular 

structure (Forina P et al., Diab Care 28: 1358-1365, 2005 )

• Kidney-islet vs kidney alone
• Improves diastolic function

• Reduces progression in IMT
• Reduces BNP concentrations

• Stabilization of diabetic neuropathy in > 50% of 
patients

Islet transplantation and chronic diabetic Islet transplantation and chronic diabetic 
complicationscomplications



Kidney-islet

Kidney-
pancreas

Kidney alone

Islet transplantation improves kidney 
graft survival in T1DM

Fiorina P et al., Diabetes Care 28:1303-1310, 2005

UAE median 
11.9 mg/l



Expectations
• Low procedural risk

• Average 2 islet infusions for good clinical effect
• Advantageous effects on acute and chronic 

complications

• Insulin independence long term – only minority of 
patients

• Good lasting effect on glycemic control (also after 
5 years and long-acting insulin)

II
Expectations



Current program: Patients with previous Current program: Patients with previous 
kidney transplantation and type 1 diabetes (on kidney transplantation and type 1 diabetes (on 

immunosuppressive agents)immunosuppressive agents)

LUMC Nephrology

Diabetology

Pancreas 
transplantation

Islet transplantation 
Intensified insulin 

therapy

Surgery

• Patient choice…



• Restricted to patients with
• Glycemic lability

• Severe hypoglycemia/hypoglycemia
unawareness

• A doctor’s dilemma (clinical benefit vs side effects 
immunosuppressive drugs and transplantation-
related complications)

Islet transplantation in type 1 diabetes Islet transplantation in type 1 diabetes 
without renal failurewithout renal failure



Islet transplantation in the NetherlandsIslet transplantation in the Netherlands

Permission for 
islet isolation

LUMC

LUMC

Permission for 
islet 

transplantation UMCG

Isolation

Transplantation



1. Donor organ
Shortage of organ donors

Issues in islet transplantationIssues in islet transplantation
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• Donor organ
• Procurement and preservation

• Shortage of organ donors
• Islet isolation

• Loss of islets because of procedure (enzymatic 
damage, toxic substances (Ficoll gradient 
separation)

• Islet transplantation

Issues in islet transplantationIssues in islet transplantation



Eich et al.,NEJM 2007

Early graft lossEarly graft loss



• Donor organ
• Procurement and preservation

• Shortage of organ donors
• Islet isolation

• Loss of islets because of procedure (enzymatic 
damage, toxic substances (Ficoll gradient 
separation)

• Islet transplantation
• Instant blood mediated inflammatory reaction 

(IBMIR)

• Post-transplantation islet function

Issues in islet transplantationIssues in islet transplantation



• Immune attack: Allograft rejection? Recurrent 
autoimmunity?

• Chronic islet toxicity by immunosuppressive 
drugs (most drugs diabetogenic)

• Reduced vascularisation

PostPost --transplantation eventstransplantation events

Robertson RP, N Engl J 
Med 350: 694-705, 2004



• Alternative islet sources needed!
• Alternative transplantation site (biomaterials)

• Immunomodulation and immunoevasion
• Immunosuppressive drugs with fewer side 

effects

• Immunoevasion (biomaterials, gene therapy)

Improvement of betaImprovement of beta --cell therapy and cell therapy and 
wider applicabilitywider applicability



Are there stem cells for islets in the pancreas?Are there stem cells for islets in the pancreas?

Islets

Human pancreas 
1 % islets 

40% ducts

Remaining 
tissue for duct 
cell isolation

Collagenase digestion

Purification



1 week 2+  weeks 3- 6 weeks

Islets are formed from human duct cells Islets are formed from human duct cells in in 
vitrovitro

de Koning, Bonner Weir et al , 
unpublished data
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