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Worldwide increase  Worldwide increase  -- from 151 to >300 Million by 2025 (100% increase)from 151 to >300 Million by 2025 (100% increase)
Commonwealth of VirginiaCommonwealth of Virginia

from 250,000 to >500,000 by 2025  (from 250,000 to >500,000 by 2025  (approximately 25,000 new cases annually)approximately 25,000 new cases annually)
Leading cause of renal failure, adult blindness, and nonLeading cause of renal failure, adult blindness, and non--traumatic amputation.traumatic amputation.
4 fold increase in rate of4 fold increase in rate of

stroke and MI.stroke and MI.
Life expectancy shortened Life expectancy shortened 

by >15 years.by >15 years.
Annual health care costs Annual health care costs 

>$100 Billion nationally.>$100 Billion nationally.

Diabetes Epidemic

TYPE 1 DiabetesTYPE 1 Diabetes

““juvenilejuvenile”” diabetes diabetes –– early age of onsetearly age of onset

≈≈20 to 25 Million by 201020 to 25 Million by 2010
((≈≈ 10% of total diabetic population) 10% of total diabetic population) 

in the in the Commonwealth of VirginiaCommonwealth of Virginia
≈≈45,00045,000 to 50,000 by 2010to 50,000 by 2010

costs difficult to judge costs difficult to judge 
approx. 10% of household income (US)approx. 10% of household income (US)



PURPOSE 
of

CELLULAR REPLACEMENT THERAPY

Restore or establish an insulin independent, normoglycemic
state which hopefully will prevent development or 

progression of the secondary complications of diabetes



Diabetes Mellitus

immune system incorrectly targets β-cells
infiltrating T cells produce islet-toxic cytokines 
T cells (predominantly CD4+) target autoantigens
autoantibodies also produced 

β-cells destroyed leaving no insulin-production

Normal Pancreatic Islet Diabetic Islet



3 basic approaches:

1. Islet Cell Transplantation
replacement of insulin-producing cells with mature, functioning cells from cadaver 
organ donors

2. Stem Cell Therapy to Regenerate Islet Function
replacement of insulin-producing cells with stem cell-derived insulin-producing cells

a. stem cells isolated and differentiated in vitro, then transplanted
b. stem cells isolated and transplanted, differentiate in vitro

3. Stem Cell Therapy to Prevent Diabetes Onset
modification of host immune system by stem cell-derived immune modulatory cells

Cellular Replacement for Diabetes



The Edmonton Protocol:The Edmonton Protocol:
A New Era of Human Islet TransplantationA New Era of Human Islet Transplantation

Islet Transplantation



Pancreatic Islet Transplant Process

• Cadaveric pancreata procured.

• Islets isolated using automated
method in approximately 6hrs.

• Islets cultured 36 to 48hrs to
allow stabilization and 
recovery.
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Automated Pancreas Digestion
using the Ricordi chamber



Pancreatic Islet Transplant Process

• Transplant recipient given light 
anesthetic.

• Interventional Radiologist determines 
location of portal vein of liver through 
fluoroscopic and ultrasound guidance.

• Catheter inserted through skin into 
recipient’s liver and islets injected into 
portal vein.

– infused over 20-6- minutes
– heparin (35U/kg with islet infusion)
– portal pressure monitored

• Almost immediately, pancreatic islets 
within host liver, begin producing insulin.

• hospital stay (2 days) to monitor patient



Islets alone 194
Islets after kidney 18
Islet autograft 2
Total 214

Islet Transplant Recipients



Islet Graft Function
Graft Survival vs. Insulin Independence

from: Five Year Follow-Up After Clinical Islet transplantation
Ryan, Paty, Senior, Bigam, Alfadhli, Kneteman, Lakey, and Shapiro
Diabetes 54:2060-2069; 2005

Graft Survival (C-peptide) Insulin Independence

82%

7.5%



UVA cGMP facility  
validated

6 ‘04 

UVA Islet Transplantation Program
Progress to Date

Protocol prepared for IRB submission. 
Negotiations with OPO, GCRC etc. in 

place

9 ‘02

Budget prepared,
partners identified. 

Facility plans 
continue

10 ‘02

FDA approval of 
IND application

12 ‘03

6 ‘04

First islet transplant in 
Commonwealth of Virginia, 
(2 infusions, islets from PENN)

11 ‘03

Facility construction 
completed

Facility construction 
commenced

5 ‘04

Submission of 
amended IND for 

FDA approval

1 ‘06

Revalidation of islet shipping, 
PENN 

validation of islet shipping, 
Miami

10 ‘05

Commence islet 
isolations at UVA

12 ‘05

Validate islet isolation 
process at UVA

7 ‘06

8 ‘06

FDA approval
to perform transplants using 
islets isolated at UVA

5 ‘06
Second islet transplant in 

Commonwealth of Virginia, 
(2 infusions, islets from PENN)

8 ‘06

Transplant w/ 
islets from 
UVA cGMP

Facility

8 ‘06



UVA UVA cGMPcGMP Islet Isolation FacilityIslet Isolation Facility
Layout follows process flow
Design follows movement in order of process

Distinct areas for distinct functions
Support areas near, 

but outside cleanroom

Consists of 3 smaller rooms:
ante-chamber / autoclave room
gowning room
processing area



UVA UVA cGMPcGMP Islet Isolation FacilityIslet Isolation Facility



UVA UVA cGMPcGMP Islet Isolation FacilityIslet Isolation Facility



Pancreas Procurement



Organ Preparation



Digestion



Islet Purification on Density Gradients

isolated islets are less dense 
than other pancreatic cells,

& separate to level of their density,
above the non-islet tissue.

COBE 2991
Centrifuge



Islet Product for Transplantation



Pancreatic Islet Transplant Process

• Transplant recipient given light anesthetic.

• Interventional Radiologist determines location 
of portal vein of liver through fluoroscopic and 
ultrasound guidance.

• Catheter inserted through skin into recipient’s 
liver and islets injected into portal vein.

infused over 20-6- minutes
heparin (35U/kg with islet infusion)
portal pressure monitored

• Almost immediately, pancreatic islets within 
host liver, begin producing insulin.

• hospital stay (2 days) to monitor patient



Continuous Glucose Monitoring System:
Assessment of Blood Glucose Excursions

Pre-transplant Post-transplant #1

Post-transplant #2 1yr Post-transplant #2

UVA patient 1

pre-transplant

post-transplant #1
(1mo post #1)

post-transplant #2
(1mo post #2)

post-transplant
(1yr post #2)

green areas represent
percent  time within 
normal BG range



Continuous Glucose Monitoring System:
Assessment of Blood Glucose Excursions

Post-transplant #2

UVA patient 2

pre-transplant

post-transplant #1
(24 da post #1)

post-transplant #2
(24 da post #2)

green areas represent
percent  time within 
normal BG range

Pre-transplant

Pre-transplant Post-transplant #1



3 basic approaches:

1. Islet Cell Transplantation
replacement of insulin-producing cells with mature, functioning cells from cadaver 
organ donors

2. Stem Cell Therapy to Regenerate Islet Function
replacement of insulin-producing cells with stem cell-derived insulin-producing cells

a. stem cells isolated and differentiated in vitro, then transplanted
b. stem cells isolated and transplanted, differentiate in vitro

3. Stem Cell Therapy to Prevent Diabetes Onset
modification of host immune system by stem cell-derived immune modulatory cells

Cellular Replacement for Diabetes



Basic definitions

stem cell 
immature (not fully differentiated) cell, still capable of proliferation and 

differentiation into a variety of cells
pleuripotent stem cell 

capable of differentiating into virtually any cell
multipotent stem cell 

capable of differentiating into a variety of cells, but limited to a specific 
class of cell

mesenchymal stem cell (MSC)
usually refers to a stem cell derived from a bone marrow source

progenitor cell
immature cell, capable of proliferation and differentiation into a specific type 

or class of cells; usually refers to the immediate precursor of the final 
differentiated cell type



Stem CellsStem Cells

Postnatal (Adult) Stem CellsPostnatal (Adult) Stem Cells
Limited amounts/donor morbidity
Limited plasticity?
Multiple potential sources

umbilical cord blood
bone marrow
adipose tissue (fat)

“…given the enormous promise of stem cells to the development 
of new therapies for the most devastating diseases,

when a readily available source of stem cells is identified,
it is not too unrealistic to say that this research will 
revolutionize the practice of medicine and improve the quality 
and length of life.”

-NIH, May 2000 



MSCs and ASCs:
Uncannily Similar

• Marrow vs. Subcutaneous adipose depot
• Stromal cell fraction
• Isolation via adherence to plastic
• morphology
• Transcriptome
• Cell surface/CD markers (integrin alpha 4; L-selectin)
• Anti-inflammatory properties
• Angiogenic properties
• Homing
• In vitro developmental plasticity
• In vivo tissue repair

but there is one major differencebut there is one major difference……



Human Fat as a PotentialHuman Fat as a Potential
Stem Cell ReservoirStem Cell Reservoir

Human Fat is:
abundant
expendable
renewable
easy to harvest
appealing to donor
may permit autologous strategies

potential to translate research potential to translate research 
into clinical practiceinto clinical practice……



hASCs in the Rat CNS

Kevin Lee, et al



Results: Cell Distribution in Gd-Enhanced Images on Day 1 post-MI

Human ASCs in the Mouse Heart



64% of hASCs
associate with 

microvessels in a 
morphology similar 

to pericytes 
(elongated along 

vessels).

green - FITC-SMA & FITC-BSI Lectin
red - DiI-labeled hASCs

MicrovascularMicrovascular Remodeling in the Nude rat mesentery:Remodeling in the Nude rat mesentery:
60 days after 60 days after hASChASC injectioninjection

Control (no cells) + hASCs

Shayn Peirce, et al.

50μm



Human Islet-ASC Co-culture

Islets
alone

Islets 
+ 

ASCs

3 day 5 day 7 day



Precedence and Potential
self-assembled islet/ASC spheroids



ASC / Islet Co-Transplant

Islet/ASC Co-Transplants may ameliorate transplant success
reduce number of islets needed to achieve “cure”
shorten time post-transplant to cure

potential impact: reduced number of islets needed for transplant
more patients may be treated with same number of islets



ASCs and Diabetes

adipose-derived 
adult stem cells 
can be driven to 
differentiate into 

insulin-producing 
cells in vitro



ASCs and Diabetes



ASCs and Diabetes



ASCs and Diabetes

possible in vivo induction of 
proliferation in islet progenitor 

cells



3 basic approaches:

1. Islet Cell Transplantation
replacement of insulin-producing cells with mature, functioning cells from cadaver 
organ donors

2. Stem Cell Therapy to Regenerate Islet Function
replacement of insulin-producing cells with stem cell-derived insulin-producing cells

a. stem cells isolated and differentiated in vitro, then transplanted
b. stem cells isolated and transplanted, differentiate in vitro

3. Stem Cell Therapy to Prevent Diabetes Onset
modification of host immune system by stem cell-derived immune modulatory cells

Cellular Replacement for Diabetes



Cellular Replacement for Diabetes
ASC Therapy in the Spontaneously Diabetic NOD mouse

8

8

7

n

3

4

2

number 
diabetic

170, 173, 185

115, 128, 149, 152

162, 214

Age at diabetes onset
(days)

176±5 vehicle alone

136±9ASC + vehicle

188±26ASC +  immunosuppression

mean
(days)

Treatment group

ASC Therapy may delay diabetes onset

normal, 
healthy 
NOD 
islet

NOD 
islet
under 
immune 
attack



Cellular Replacement for Diabetes

Multiple approaches of cellular replacement therapy in diabetes:

Islet Cell Transplantation
promising, but insufficient tissue to treat the extremely large 

number of potential patients

Stem Cell Therapy
ethical issues in use and source of stem cells

use of adult-derived stem cells may obviate concerns
novel alternate sources of adult stem cells may provide a 

plentiful  source of supply of these cells


