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Diabetes Epidemic

Worldwide increase - from 151 to >300 Million by 2025 (100% increase)

Commonwealth of Virginia
from 250,000 to >500,000 by 2025 (approximately 25,000 new cases annually)

Leading cause of renal failure, adult blindness, and non-traumatic amputation.
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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
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Diabetes Mellitus

Diabetic Islet

iImmune system incorrectly targets B-cells
infiltrating T cells produce islet-toxic cytokines
T cells (predominantly CD4*) target autoantigens
autoantibodies also produced

B-cells destroyed leaving no insulin-production
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Cellular Replacement for Diabetes

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

. U]\
L

8NE HearTH SysTEM



Islet Transplantation

The Edmonton Protocol:
A New Era of Human Islet Transplantation

The New England
Journal of Medicine

O Copyright, 2000, by the Massachuserts Medical Society

VOLUME 343 Jury 27, 2000 NUMEER 4

ISLET TRANSPLANTATION IN SEVEN PATIENTS WITH TYPE 1 DIABETES
MELLITUS USING A GLUCOCORTICOID-FREE IMMUNOSUPPRESSIVE REGIMEN

AM. Janmes SHariro, MLB., B.S., JonaTHan R.T. Lakey, PH.D., Eomono A. Ryan, M.D., GrRecory S. KoreuTT, PH.D.,
ELLen TotH, M.D., Garth L. Warnock, M.D., Morman M. KneTEman, M.D., anp Bay V. RasoTtTE, PH.D.
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Pancreatic Islet Transplant Process
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Cadaveric pancreata procured.

Islets isolated using automated
method in approximately 6hrs.

Islets cultured 36 to 48hrs to
allow stabilization and
recovery.




Islets of Langerhans

Automated Pancreas Digestion
using the Ricordi chamber
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Pancreatic Islet Transplant Process

«  Transplant recipient given light
anesthetic.

» Interventional Radiologist determines
Recipient 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

Islet in Portal Vein
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Islet Graft Function

Graft Survival vs. Insulin Independence

Graft Survival (C-peptide)

Insulin Independence
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UVA Islet Transplantation Program
Progress to Date

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

Submission of
amended IND for

FDA approval
to perform transplants using

UVA cGMP facility FDA approval islets isolated at UVA
place validated ' !
. 106 8,06
. 6 ‘04 : =
9 :02 » _ ' Validate islet isolation

! Facility construction Facility construction process at UVA

! commenced completed . i .

; . — : 7'06 |

: 11:‘03 504! Commence islet | | :

! E Vo isolations at UVA i | I
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10 502 12 ,503 | Revalidation of islet shipping, E E Transplant w/
Budget prepared, : E validation E:‘Eigllle\:lt shipping E i islets from
partners identified. FDA approval of i e ' E l UVA cGMP

Facility plans IND application ! ! | Facility
continue ! | |
6104 506 86

First islet transplant in

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

Second islet transplant in
Commonwealth of Virginia,

(2 infusions, islets from PENN)
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UVA cGMP Islet 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
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UVA cGMP Islet Isolation Facility




UVA cGMP Islet Isolation Facility




Pancreas Procurement




Organ Preparation




Digestion




Islet Purification on Density Gradients

HBSS o pureisets  iSOlated islets are less dense
1.037 gmimi _ than other pancreatic cells,
less pure islets . .
1.096 gm/mi & separate to level of their density,
few Islets . .
1.108gmimi above the non-islet tissue.
pellet

{virtually no islets)
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Islet Product for Transplantation
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Pancreatic Islet Transplant Process

* Transplant recipient given light anesthetic.

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

e 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
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Continuous Glucose Monitoring System:

Assessment of Blood Glucose Excursions

Pre-transplant Post-transplant #1 UVA patient 2
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Cellular Replacement for Diabetes

3 basic approaches:

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
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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
iImmature 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



Science
Stem Cells .

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

when areadily 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

Postnatal (Adult) Stem Cells
Limited amounts/donor morbidity
Limited plasticity?

Multiple potential sources
umbilical cord blood
bone marrow

adipose tissue (fat)




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 difference...
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Human Fat as a Potential
Stem Cell Reservolir

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

potential to translate research
into clinical practice...
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hASCs In the Rat CNS

matter

Kevin Lee, et al



Human ASCs in the Mouse Heart

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




Microvascular Remodeling in the Nude rat mesentery:
60 days after hASC injection

64% of hASCs
associate with
microvessels in a
morphology similar
to pericytes
(elongated along
vessels).

green - FITC-SMA & FITC-BSI Lectin

red - Dil-labeled hASCs e
S HEATH SysTEM

Shayn Peirce, et al.



Human Islet-ASC Co-culture

Islets
alone

Islets
+

ASCs




Precedence and Potential

self-assembled islet/ASC spheroids
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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:

F .. T T T
B | 1L

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

01 X 3 # & 8 7 98 @

! ' . 'I. .I._ T
4 26 @ 37 W VRO Y

B F1EArTH SysTEM

r ¥ 1 1 1 1 1T 1§ 7§ 1T 71T "1
12 14 16 10 17 13 10 30 21 2@ 13

Tha ¢ i



ASCs and Diabetes

Hwallald = anl ne atwwow sclencedirecs.cam

Bixchemical and Bophyvsical Reserch Commumcations 30 (2006) 11251140

warw_el sevier com! bacaiefvhhne

Human adipose tissue-derived mesenchymal stem cells differentiate
into insulin, somatostatin, and glucagon expressing cells

Katharina Timper *', Dalma Seboek ™', Michael Eberhardt *, Philippe Linscheid *,
Mirjam Christ-Crain ®, Ulrich Keller **, Beat Miiller *", Henryk Zulewski *™*
* Deparment of Besearch, Uninersiy Hospisaf, Basel, Swirzerlond
" Pusision of Endoerteology, Diabeses and Clutcal Nueitor, Ustrersiny Hospsal Based, Swirserkand

Recemved 13 Jammary 2004
Avadahle onlime 36 Janmary 2006

Alsiract

Mesenchymal stem cellk (MSC) fom mouse bone marrow wene shown 1o adopl & pancreatic endocrne phenolype m vitte and Lo
reverse disheles in an snimal model. MSC from human bone marrow and adipose Uasue nepresent very similar cell populations with
comparablk phenolypes. Adipose Ussue 15 sbundanl and essily abtesiible and coulkd thus also harbor eells with the potential to dilfenn-
Uate m meuln producng cellk. We molated human sdipode Ustue-derived MSC from four healthy donors. During the prolifertion
period, the oell expressed Uoe stem cell markens nestin, ABCGE, 8CF, Thy-1 as well as the pancrestic endocrine transed ption Taclor
a1, The cells wene indiced 1o differentiale mio & pancreslic endoame phenolype by definad cultumes conditions withm 3 days. Using
quantitstive PCR a down-regulation of ABOG2 and up-regulation of pancreatic developmental transerplion factons ki1, Ipl-1, and
Mignd wens observed togethe with mdwction of the mlet hormones insulin, glucagon, and soma toglatn.

@ 2006 Elssvaer Inc. ALl mghis reserved.

Keywords: Mesenchymal stem cells; Isl-1; Human; Adpose tssue; Mesting ABCG L Daflerentiaton; Insukn; Glacagon

Mizsenchymal stem cells have been initially described as secreting cells in vitro and to reverse hyperglycemia in an
clomal, plastic adberent cells from bore marmow [1] capable animal model of diabetes [16] Similarly, mesenchymal
of difierentiating into adipocytes, chondrocytes, and osten-  CIM3-negative procursor cells from mowse spleen were ahle

adipose-derived
adult stem cells
can be driven to
differentiate into
Insulin-producing
cells in vitro




I Hepatobiliary Pancreat Surg (2005) 12:2158-224
DOT 101007 &005 3400500832
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Regenerative medicine of the pancreatic B cells

Satoko Yamapa and Itarw Komua

Inatitute for Molecular and Cellular Regulation, Gunma Univemsity, Masbashi 3718512, Japan

Absrac

Diabetes mellitus is 8 metabolic disorder that affects millions
of people. The mumber of patients suffering from diabetes
continues to increase all over the world. Both type 1 and type
2 diabetes result from an inadequate mass of functioning B
cells. To achieve the ultimate goal of auring diabetes in the
future, the mechanism of the regenerative process of the adult
human pancreas must be elucidated. In this review, we first
summarize the regenerative processes of the pancreas ob-
served in animal models n vivo, and approaches to promote
the regeneration of the pancreas n vivo. Mext we consider
other new approaches, such as stemn cell research and cell-
based therapy. fior the cure of diabetes in the future. Based on
the innovative success of the Edmonton protocol. Elet trans-
plantation has bsen considersd to be a new therapeutic option
for the treatment of diabetes. However, a serious shortage of
domor pancreata =5 a critical problem. W suggest that the
following issues should be selved In order to realiwe cell-based
therapy. The first is to establish a source of stem/progenitor
cells that will multiply easily in vitro and maintain their prop-
erty as progenitor cells. The probable use of adult stem cells
will circumvent potential ethical problems, and autotrans-
plantation will become possible. The most difficult and as yet
unsolved Esue B how to differentiate thess cells and acquire
fully functional ke ts. Further investigations to understand the
Tegenerative process of the adult pancreas and the appropri-
ate induction of stem call diffe rentiation will help to establish
cell-based therapy in diabetes.

levels can be controlled to some extent by multiple
injections of insulin or by oral hypoglycemic agents, but
the ideal glycemic control has not yet been perfectly
achieved by these conventional treatments. Most of all,
type 1 diabetes is a chronic metabolic disorder in which
pancreaticislet f-cells are irreversibly destroved by au-
toimmunity. In these patients, an almost complete loss
of functional islet B cells leads to a long-lasting, absolute
deficiency of insulin secretion. They are suffering from
unstable glycemic control, and incomplete compensa-
tion for ghicose homeostasis leads to irreversible dia-
betic complications. Frequent, recurrent hypoglycemia
unawareness is extremely dangerous and can be fatal
The real cure for type | diabetes is the replacement of
pancreatic B cells. In this regard, the surgical treatment
af diabetes, ie.. successful pancreas transplantation, has
the possibility to cure diabetes. In a recent report, the
worldwide, 3-year organ survival rate for simultanecus
kidney and pancreas transplantation had improved to
approximately T0%—80%." These results were obtained
in a highly selected group of type 1 diabetic patients
who had severe difficulties in achieving glycemic
control. Mowadays, the American Diabetes Association
recommends pancreas transplantation for patients with
unacceptably poor metabolic control and quality of life
despite optimum medical treatment. An innovative suc-
cesm for mancreatic islet transnlantation (the Fdmanton

and Diabetes

Tabkle 1. Potential adult stem cells that differentiate to insulin-producing cells

Cill souree Animals Reference
Pancreatic stem calls
Dructal stem cells m h, p 40, 50, 51, 52,56
Intraislet stem calls h, 1, canine 54,55 5%
Acinar cells T 59
Liver stem cells
Orwal cells T a3
Liver-epithelial cells T 13
Emall hepatocytes T a8
Intestinal epithelial cell m 0
Bone marrow-derived calls mh, T 76, 77, 81, &2
Dract cells of the salivary gland r.m 823,84
Amniotic epithehal call h a5

m, mouss; b, bueman: §, rat
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STEM CELLS

Originalﬁrticle

ASCs and Diabetes

Adult Pancreas Generates Multipotent Stem Cells

and Pancreatic and Nonpancreatic Progeny

Yomo CHor MavancHa Ta, Fouap Atour, Napyva LUMELSKY

Mational Institute of Diabetes and Digestive and Kidney Diseases,
Mational Institutes of Health. Bethesda, Maryland, USA

Key Wards. Stem cells # Pancreatic islet + Differentiation + Bulbpatentstem cells # Diabetes

ABETRACT

Strategies designed to produce functionnl cells from
stem cells ar from moture cells hald great promise for
tremtment of different cell-d egenerative disenses Type 1
mnd type I diabetes are exmmples of such diseoses.
Although different in origine bath invalve inndeguate
cell mass of insulin-producing # cells, the most abun-
dant cell type of ponorentic islets of Langerhons. Proci-
cal realization of such strategiesis highly dependent on
the elucidation of phy=siolagical mechanisms responsible
for generation of new [ cells in the pancreas, which at this
time mre poorly defined. The in vitro differentintion sys-
tems allowing generation of new [ cells provide o valuable
experimental tool for studying these mechanisms= Few

such systems ore currently ovailable. In this work, we
present mn in vitro differentiation system. derived from
adult mouse pancresrs, capable of generating insulin-pro-
ducingf-like cells, which self-organize into islet-like cell
clasters (1LCCs) during the course of the caltwre. Sur-
prizingly, we found that along with the ILCCs, mualtiple
cell types with phenotypic characteristics of embryonic
cemiral mervouns system and neural crest are alss gener-
ated. Moreover, several embryonic stem cell-specific
zenes are induced during the course of these cultures.
These results=ngmest that the adult panere s moy contain
cells competent to give rise to new endocrine ond neural
cells. Stem Cells 2004, 22 10701054

InTRODUCTION

Insulin injections alleviate hyperglycemia in most patbents
with diabetes. Howewer, they donot provide dynamic coniral
of glucose home ostasis. Consequently. patients with long-

is severely hampered by the shortage of i slets available for
transplantation. If functional f-cells and islets could be gen-
erated ex vivo, present severs islet shortage could be over-
comeAnother possible approach forrestormtion of isletcell

Teome 3, Coy 37

kAP

C-peptide’ Brd L

Clueagen/Bedl)

DAF]

BomatostatinBrdl
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ASCs and Diabetes

Avallahle calle = a7 weaneesclenced IrecToam
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FISFYVIBR Tes Intermationa] Jourzal of Biechssuistry & Call Biology 38 (2004 453703
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Medicine m foens
Islet neogenesis: A potential therapeutic tool 1 type 1 diabetes

Mark Lipsett, Reid Aikin!, Mauro Castellasin b, Stephen Han]e].rlz AlMaleek Jamall,
Simon Laganiere !, Lawrence Rosenberg *

Centre for Pancreanic Diseases of the Molill Usive mity Health Cenive, Departmes of Sarpery, MoGill Usiversivy,
OO 28 Moareea! General Hoapital, 1a50 Cedar dvenie, Montreal (Que. Camads HIG 144

Avaidabls oolizs 27 Septezober 2005

Ahbstract

Current therapies for type 1 dabetes, inchuding fastidien: blood glucose menttoring and eudiiple daily msalic injections, are not
sufficient to prevent comiplications of the disease. Though pancreas and possibly islef ransplantation can prevert the progression of
complications, the scarcity of donor erzans limits widespread application of thess approaches. Undersanding the mechamisms of
f-cell mass eypansion as well 23 the means to exploit thess pathwirys bas enabled researchers wo develop new sirmtegies o expand
amd maintam islet cell mass. Potental new therapeutic avenaes inchede ey vivo islet expansion and improved viability of islets
poor fo implantation, as well as the endogenous expansion of p-cell mass within the diabetic patient. Islet neoeenesis, through
stem cell activadon anpd'or tansdiFersptiation of manme fully differentared calls, has besn proposed as a meams of B-cell mass
expansion. Fmally, amy successfid mew therapy for fype | diabetes via p-cell mass expansion will require prevention of p-cell death
amd maimtenance of lpng-tenm endocrne fanction
02003 Elzevier Ltd. Al nghis resemved.

Keywords: Epsthelial growt: factor (EGF), Gastrin; Ghecapon-ike pepoide-1 (GLP-17; Iilet aogezass asociated protein (INGAF); Pancrsabc
plasticity; Stem cell therapy

1. Introduaction

Twvpe | disbetes mallings affiics millions of individue-
als worldwide and its prevalence and incidence continus
to rise annually, This disease results fom antomomnne-
mediared desmcnon of the insulin praducing B-calls of

Fhom irlmre mF T a8 b B Tirmembaerh 00T

Despite the widespread nse of mettoulons bloed ghicosa
monitoring and pew insulm formndadons, most ind:-
viduals with diaberes will still develop the devastatng
secondary complicafions of the disease. Clinical smdies
suggest thar smict blood glucose contmol by intensified
inzulin meannant may amenkate or dalay, but not preven:

tha ararinal devalammicnt af -osmlicatiaae Tha THETT

possible in vivo induction of
proliferation in islet progenitor
cells
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Cellular Replacement for Diabetes

3 basic approaches:

3. Stem Cell Therapy to Prevent Diabetes Onset

modification of host immune system by stem cell-derived immune modulatory cells
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Cellular Replacement for Diabetes
ASC Therapy in the Spontaneously Diabetic NOD mouse

ASC Therapy may delay diabetes onset

Treatment group n 3.“;;‘25; Age at diabetes onset| mean
(days) (days)
ASC + immunosuppression 7 2 162, 214 188+26
ASC + vehicle 8 4 115, 128, 149, 152 1369
vehicle alone 8 3 170, 173, 185 176+5
normal, NOD
healthy Islet
NOD ' under
islet immune
attack

'[ J_T;x;{g\ﬁmsm
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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
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