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Foreword
The “Islet Think Tank” Venue in Chicago, October 3-5, 2004
On October 3 to 5, 2004, the University of Illinois at Chicago, with the support of a grant
from the Washington Square Health Foundation, brought together eleven world-class
physicians and scientists to create a plan to find a functional cure for diabetes, both type
I and type II. Researcher from three continents came together in Chicago for this
singular goal and with extraordinary focus and purpose.
The eleven established experts met in Chicago at the Hotel Sofitel to discuss the
current state of islet replacement therapy. Discussions were organized around a proand-con debate of each issue deemed relevant as a subject that would have importance
for an islet replacement therapy. Views were presented that would bring up the
relevance of the subject for further study, a possibility of likely success, and an
evaluation of the final product, if the research was carried out. Thus, promises were
counterbalanced with pitfalls and a sense of realism. Some of the critical areas discussed
were the origin of a possible replacement cell source, its capacity for expansion, the
feasibility of acquiring sufficient knowledge for making a successful conversion
strategy, the usefulness of such cells for transplantation, and the performance of such
cells in comparison to normal b-cells. Immunological obstacles to cell transplantation to
diabetic patient were discussed and the need for immunoprotection established. Also,
ethical issues were brought in at every level. Herein, we present a summary of the
conclusions drawn during the first meeting of the Chicago Project participants and
present the first 5-year plan for the functional cure of diabetes.
We are confident that this will allow for more direct, non-competitive funding
and accelerate finding a functional cure for diabetes.
The Chicago Project seeks your support.

Chicago Project Participants
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Background
Diabetes
As Western lifestyles spread around the world, diabetes has become an epidemic.
Improved treatments are desperately needed. Despite many advances, including
recombinant human insulin, new ways to treat this life-threatening condition are needed
urgently. Its global incidence, according to the World Health Organization, has rocketed
from 30 million in 1985 to more than 170 million and is likely to reach at least 300 million
by 2025.
Historically, two different forms of diabetes have been described. Type I diabetes,
or juvenile diabetes, is typically observed in the infant, adolescent or young adult and is
due to loss of insulin producing ß-cells in the pancreas. It is believed that the loss of ßcell is the results of the patient’s immune system erroneously destroying insulinproducing cells. Thus, patients with established type I diabetes do not produce anymore
any insulin and require insulin shots to survive. Type II diabetes, or adult onset
diabetes, was typically observed in elderly patients presenting with obesity. Until
recently, the understanding of type II diabetes was that it occurred consequent to a
resistance of the body to react to insulin (called insulin resistance). The treatment of type
II diabetes consists of weight loss and drugs that render the body again insulin sensitive.
However, this simplistic view of type II diabetes has dramatically changed. Type II
diabetes is now encountered at all ages and also in lean patients and we learned that
patients with type II diabetes do not produce enough insulin and eventually stop
producing insulin at all.
The contribution of a decrease in insulin-producing ß-cell mass to the
establishment of overt diabetes is now widely accepted, not only in type I, but also in
type II diabetes. Normally, the endocrine pancreas has a remarkable capacity to adapt
to conditions of increased insulin demand such as during pregnancy and in obesity by
increasing its functional β-cell mass; only 10-20% of individuals fail to adapt and become
diabetic with time. Thus, type II diabetes mellitus manifests only in individuals who
loose the ability to produce sufficient quantities of insulin to maintain normal glucose
levels in the face of insulin resistance. Understanding that ß-cell mass is decreased in diabetic
patients at all stages of the diseases, justifies always the replacement of insulin.

Insulin Treatment
In addition to the constraints to the quality insulin therapy has several limitations of life.
Exogenous insulin therapy (either as insulin shots or using pumps) can never mimic the
minute-to-minute insulin secretion of a normal pancreas. The tighter blood sugar levels
are controlled by insulin therapy, the higher the risk for the patient to experience severe
hypoglycemic episode (hypoglycemia is a life threatening situation of very low bloodsugar levels). Moreover, many patients lose over time the natural warning symptoms of
imminent hypoglycemia. Hypoglycemic unawareness is a severe complication of insulin
therapy.
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The ideal treatment of all forms of diabetes would be to replace the lack of or the
reduced number of insulin producing ß-cells.

Cell-based Treatment of Diabetes
Diabetes can be functionally cured by transplantation of insulin-producing cells. This
can be accomplished by either transplanting a whole pancreas or pancreatic islets (the
islets contain the insulin producing ß-cells). Both procedure can normalize blood glucose
levels and eliminate the need for insulin shots. Pancreas transplantation is current
practice, but represents a major surgery and is unlikely to represent the solution for
millions of diabetic patients. Therefore, islet transplantation is seen as the future
treatment of diabetes. Currently, islet transplantation can only be offered to a limited
number of brittle, type I diabetic patients.
The major limitation of islet transplantation is the number of islets available for
transplantation. The islets have to be isolated from pancreases procured from organ
donors and there is only a very limited number of organ donors not matching the
number of diabetic patients. The current numbers in the United States illustrate this. Six
thousand organ donors per year would be theoretically available for transplantation, but
the United States count is 17 million diabetic patients.
Another limitation of transplantation is the need for chronic immunosuppression
to prevent recurrence of diabetes and to prevent rejection of the foreign tissue.
Immunosuppression is accomplished by a number of drugs, which, unfortunately, have
side effects. In recent years, enormous progress has been made in the development of
new drugs preventing rejection and presenting with less side effects. With the currently
available drugs, islet transplantation has become a valuable option for a number of
patients and we can expect the pharmaceutical industry to make further progress in
making prevention of rejection more tolerable for the patients.

The Search for an Unlimited Source of Insulin-Producing ß-cells
If a cell-based treatment of diabetes should be made available for all diabetic patients,
we need to find an unlimited source of islets. The main task of the Chicago Project is to
deliver within the next five years an unlimited source of pancreatic islet replacement cells suitable
for transplantation into diabetic patients.
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Why a Chicago Project?
Over the last decades an overwhelming amount of scientific knowledge has been
accumulated in the understanding of the function of insulin producing cells and on how
these cells develop and survive in the normal human being or are destroyed in diabetic
patients. The replacement of insulin-producing cells by islet transplantation has been
recognized as the most promising approach to restore diabetic patients with
endogenous insulin secretion. Islet transplantation has become a reality and has proven
that the concept of cell-based, functional cure of diabetes works. However, islet
transplantation still faces several limitations due to the small number of human pancreatic islets
available and the requirement for systemic immunosuppression.
The initiators of the Chicago Project strongly believe that the scientific
community now has all the necessary ingredients to make a cell-based therapy of
diabetes an option for all diabetic patients. However, the current structure of academic
or industry driven research severely lacks unrestricted communication and crosstalk. If
a functional cure of diabetes should become a reality within the next few years, and not
in the distant future, a concentrated team effort is critical. The concept of scientific
teamwork is not novel and has been successfully applied, e.g., in the Manhattan Project
and the Human Genome Project. The tasks at hand there were enormous, yet the
outcomes in both cases were successful. And they were conducted in a much more rapid
pace than envisioned at the start and that would have been possible in an uncoordinated
effort by single institutions. Some organizations have intended to create an environment
for scientific collaboration. The Juvenile Diabetes Foundation has been an extraordinary
help to many research groups around the globe and supported key research in diabetes.
The National Institutes for Health has widely supported research in the field of diabetes.
However, all these efforts have been limited by the competition among the research
groups and a lengthy and tedious application process not really promoting exchange of
knowledge or direct scientific collaboration. In all cases, the research effort supported by
these initiatives has used a single-program competitive award mechanism. This means
that independent, smaller projects are favored over larger ventures, which seek to reach
common goals by a collaborative among leading groups. Thus, the culture of monoinstitutional, competitive research has hampered more rapid progress in the last decade.
The goal of the Chicago Project is to bring together expert groups and establish a
concrete five-year plan to resolve the remaining hurdles for a functional cure for
diabetes. Most importantly, the group members that were initially invited were selected
based on complementary scientific expertise, representing all the sciences needed to “go
the distance” in making an islet-cell replacement therapy a reality. The group at hand
represents cutting-edge intellectual knowledge in islet-cell development, islet-cell
physiology, islet-cell autoimmune destruction, stem-cell biology, viral-production
technology, biomaterial encapsulation and large-animal islet transplantation. Finally, the
connection to a human islet transplant program is also secured because members of the
islet transplantation programs at both the University of Illinois at Chicago and the
University of Alberta in Edmonton are integrated members. Also, the very fruitful
discussions at the initiating meeting has led to the identification of other renowned
8
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experts that will be/have been invited to participate in a coordinated research effort in
the Chicago Project.

What Will the Functional Cure for Diabetes Look Like?
Before presenting the plan, we need to define the ultimate goal. In other words, what the
functional cure for diabetes will look like? The Chicago Project aims to produce an
unlimited source of cells suitable and safe for transplantation in humans and capable of
controlling blood-sugar levels in a physiological manner. These cells will be
encapsulated for protection against the assaults of the immune cells and for allowing
transplantation with minimal or no systemic immunosuppression.
Encapsulated islets in a blood
vessel:
The capsules protect against attack
by antibodies and immune cells.
Smaller molecule like nutrients,
cytokines and insulin can readily
pass the membrane pores.

The five-year Chicago Project goal will be accomplished by continuously
translating the research finding into clinical applicable improvements of current islet
transplantation approaches.
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The Chicago Project for a Functional Cure for Diabetes
Discussing Cellular Sources
The source of cells for a functional cure of diabetes has been widely debated. In a pro
and con discussion during the Chicago Project meeting, the following conclusions were
drawn from the current literature and unpublished data of the participants and peers.
The group decided to focus on cells within the pancreas as a source to establish cell lines
that can control blood-glucose levels in a physiological manner. Following are a
summary of the discussion on the different options of source material and the rational
for the group’s decision.

Embryonic Stem Cells
Embryonic stem cells display the ability to differentiate in culture into a variety of cell
lineages. Apart from ethical considerations, the use of human embryonic stem cells has
various legal and political limitations. In the United States, the current administration
has refused to date to fund embryonic-stem-cell-based therapeutic research for fear it
would encourage abortions. However, embryonic-stem-cell research has continued in an
unregulated private sector in the U.S. In 2000, in an attempt to compromise, the U.S.
National Institute of Health (NIH) legal department rules that NIH may fund research
on stem cells that have already been derived from blastocysts, but may not fund the
derivation itself. In other words, federally funded researchers may work with existing
cells, but may not use embryos to obtain the cells. Private industry was allowed to do
the derivation and production of embryonic stem cells. In November 2001, the NIH
released a list of 74 accepted embryonic stem cell lines, which would be accepted for
conducting NIH founded research. In spite of intent of regulation by a variety of
governments, the field of embryonic stem cells remains highly controversial.
From a scientific point of view the following argument may be viewed as advantages
(pro) or inconveniences (con) for using human embryonic stem cells as the unlimited
source of islet cells:
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Embryonic Stem Cells

Pro

Con

Unlimited supply of cells by self-renewal

The natural expansion capacity of stem cells
harbors the risk of tumor formation
(teratomas)

Problem of expanding undifferentiated stem
cells without feeder cells of animal origin is
resolved

Most of the stem cell line currently available
are already contaminated with animal tissue
and could not be used for clinical application

Human origin, no animal tissue

Ethical concerns for use of abandoned frozen
embryos and for the generation of new stem
cell lines not resolved

Grafts derived form embryonic stem cells may
be less immunogenic

In spite of reduced immunogenicity,
embryonic derived grafts may still require
immunosuppression for prevention of
rejection and recurrence of autoimmune
diabetes

Stem cells are multipotent and could
differentiate in any cell type

Do date it is not known how maturation into a
specific cell type can be accomplished
consistently in vitro, and ultimately
differentiation may only be achieved in vivo.

Using nuclear transfer and cloning techniques,
stem cell derived grafts could be tailor made
for recipient and not provoke rejection

Long way to go, five years may not enough to
produce clinically applicable cell lines

Research on embryonic stem cells may allow
to identify differentiation markers that could
be used for identifying precursor cells

Available cell lines are heterogenous and
findings cannot be generalized

May allow to translate findings of ontogeny
into development of maturation

Starting material not well defined

Bioengineering possible, e.g. render cell more
robust against immune attack

Difficult to envision that embryonic stem cells
will be readily available

Considering the current political and ethical hurdles and the variety of unresolved
scientific challenges to use human ES cells as a source for an unlimited islet cell supply
(possible teratomas, poor overall yield of differentiation, etc), the group decided not to
chose human ES cells as the main starting material, nor specifically integrate funding for
mouse ES-cell studies, which may be needed to make any human ES project successful.
However, it is evident that ES cell research is pursued in a number of institutions
around the world and that new findings will deliver important information for the
Chicago Project. The Chicago Project’s participants Gillian Beattie (UCSD Witthier
Institute, San Diego, California) and Gil Leibowitz (Hadassah Hebrew University,
Jerusalem, Israel) will continue to learn about the biology and genetics of human ES in
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their independent projects and deliver to the Chicago Project important information on
which culture conditions and genes are important for proliferation and differentiation –
information that will be useful for the successful establishment of islet cell lines derived
from pancreatic cells.

Adult Pancreatic Stem Cells
The existence of putative adult pancreatic stem cells is discussed controversially. There
are no data available that demonstrates that the pancreas contains a stem-cell pool
capable of restoring pancreatic cell types in any specific regenerative setting, or in
normal homeostasis. Yet, Zulewski et al described a new type of pluripotent nestin
positive putative stem cell within islets. These nestin-positive cells, Zulewski’s
experiments, were able to differentiate into cells that express liver and exocrine pancreas
markers, such as alpha-fetoprotein and pancreatic amylase, and display a
ductal/endocrine phenotype with expression of CK19, neural- specific cell adhesion
molecule, insulin, glucagon, and the pancreas/duodenum specific homeodomain
transcription factor, PDX-1. However, others could not confirm these findings. Patrick
Salmon and José Oberholzer are investigating a nestin-positive cell line that was created
in collaboration with Henryk Zulewski from human, adult pancreatic islet cells. The
findings of these collaborations indicate that the nestin-positive cells possess true stemcell-like characteristic and can differentiate into various cell types. However, the insulin
secreting cells derived from these stem cells produce very little insulin and not in a
physiological manner, whereas as they make normal amounts of pro-insulin, indicating
a defect in the pro-insulin cleavage. In addition, these cells lack the capacity for longterm self-renewal and needed immortalization to obtain larger amounts of cells and
indefinite proliferation in vitro.
Adult Pancreatic Stem Cells

Pro

Con

Human origin.

Not going to be enough (quantitative) without
immortilization.

If used as allogeneic transplant, common
immunosuppression/protection sufficient.

If used as allo and not autotransplant,
immunosuppression/protection will be
necessary

Possibility of autograft (biopsy of the pancreas
of the patient may allow to have sufficient
material to isolate stem cells and expand them
in vitro and to eventually re-inject once
sufficient amount of cells have been obtained.

Maturation not resolved, not known how to
obtain true ß-cells.

In vivo generation may be possible once in
vitro expansion and differentiation has been
understood.

Not fully characterized

Can be bioengineered, e.g. to sustain the
autoimmune attack in type I diabetic patients.

Existence not proven in vivo
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The panel agreed that the evidence of adult pancreatic stem cells is too sparse as to
justify the pursuit of such cells as a possible replacement source.

Adult Pancreatic Precursor Cells
Similar to the adult pancreatic stem cells, the existence of adult pancreatic progenitor
cells is debated. In contrast to stem cells, precursor cells can only differentiate into a
limited number of cells. Julie Kerr-Conte presented impressive findings on the existence
of precursor cells originating form ductal cells within the human, adult pancreas. The
Jensen laboratory has also obtained data supporting the existence of cells of progenitor
characteristics in the adult mouse organ. However, the spontaneous proliferation seems
to be limited and it is not known yet how to differentiate these precursor cells into real
islet cells.
Adult Pancreatic Precursor Cells

Pro

Con

Human origin, may allow use of autologous
material from biopsy

Likely to require
immunosuppression/protection

Tissue source available

Not enough cells, limited expansion possible

May be closer to maturation than human ES

Maturation not resolved

Already in clinical use (as “contaminant” of
islet transplants)

May need to be engineered

Easy complement to islet grafts

Debatable existence

Model for in vivo generation

With the current knowledge, human adult pancreatic precursor cell could serve at best
to complement an allogeneic islet transplants to increase the total amount of islets
transplanted. However, the current data does not support that these cells would be a
valuable source for large-scale expansion as cell proliferation is limited. However,
considering the ease to obtain this type of cells (in fact large amount of these cells are
obtained and discarded during normal human islet isolation procedures), the group felt
it important to include this cell type into the Chicago Project. Research with adult
pancreatic progenitor cells could deliver important information on the conditions
required for differentiation, information that will be needed for any type of cell based
therapy of diabetes. Moreover, the perspective for at least increasing ß-cell mass of current islet
transplants justifies further exploration.

Fetal/neonatal Pancreatic Precursor Cells
During normal pancreas development in the fetus, islet cells derive from
undifferentiated progenitors, leading to fully functional, i.e. normal, pancreatic islets
13
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capable of controlling blood glucose. The interest of ontogeny (the science of
development of an individual or developmental biology) is that looking at the normal
pancreas development, we can learn what factors are important to create normal human
islet cells. Thus, the overwhelming argument for exploiting normal development is that
this is the process by which normal islet cells initially develop. Any understanding of
this process is likely to help the successful establishment of a replacement cell source
irrespective of its origin.
Fetal/neonatal Pancreatic Precursor Cells

Pro

Con

Human origin

Ethical issue of using human fetus and
newborns as donor source

Real beta-cells and real islets

Expansion not resolved

Direct translation of ontogeny

Difficult and limited tissue source

Model for in vivo generation

Knowledge limited to mice

Knowledge gained can be used for other cell
based therapies (stem cells, precursor cells,
immortalization)

It is unlikely that human or neonatal pancreatic precursor cells will represent the
ultimate unlimited source for generating islet cells, although studies evaluating this are
already being performed in the Korbutt laboratory with initial promising results.
However, the panel agreed that the establishment of any islet replacement cell culture
will not be possible without the understanding of the normal development of islet cells in
the human pancreas. At present, most research in developmental biology is based on
mouse models, which generally can be translated into the human pancreas. However,
any findings of mouse pancreatic development and islet cell development have to be
verified in the human setting.
Although fetal/neonatal pancreatic precursor cells will not be the focus for an
unlimited source of islet cells, the ontogeny studies will be an important part of the
Chicago Project and will provide information required to create islet cell lines from
adult human pancreata.

Immortalization of Adult Pancreatic Islet Cells
Considering the difficulties to obtain maturation of stem or precursor cells into fully
developed pancreatic islet cells, expansion of differentiated islet cells could be another
approach to obtain an unlimited source of islet cells. The immortalization of adult
pancreatic islet cells has been explored in the past and failed to deliver proliferating
functional islet cells. However, new findings in cell culture techniques, the increased
knowledge of pancreatic development, and recent technical developments have changed
the way we could readdress this approach.
14
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Immortalization of Adult Pancreatic Islet Cells

Pro

Con

Human origin, may allow use of autologous
material from biopsy

Likely to require immunosuppression/
protection

Islet cells are starting point, including the
“right mix” of endocrine cells necessary to
control diabetes

Immortalization of adult pancreatic islet cells
did not work with the tools used in the past.
Cells proliferated, but lost capacity to produce
insulin.

May allow for bioengineering of different cell
lines necessary to build entire islets

Questionable risk of creating cancer cells.
Safety concerns must be addressed.

Would represent an unlimited supply of
differentiated islet cells

Needs retrievable encapsulation if risk of
tumor formation not eliminated

New techniques allow for broad screening of
immortaligenes and culture conditions

Differentiation difficult to preserve once
proliferation has been initiated

Bioengineering may allow to translate
ontogeny findings (insert the appropriate
differentiation genes, and growth factors)

Physiology could be disturbed by the
introduction of immortalizing genes

Principle of induction of growth of
differentiated islet cells may be applicable in
vivo

The large availability of adult human islets makes this source an attractive starting
material. With new immortalizing genes, increased knowledge of differentiation and the
availability of new High Throughput Screening methods, the Chicago Project will reexplore the possibility of immortalizing adult pancreatic islet cells.

Xenotransplantation
Porcine islets have been proposed as one possible alternative source of unlimited
supply. The metabolic function of porcine insulin would certainly be adequate as for
many years it has been used to treat diabetic patients, and its structure differs from
human insulin in only one amino acid residue. Considerable progress has been made in
the isolation of intact adult porcine islets. Although some groups reported on delivering
large amounts of functional porcine islets, the results remain variable and the survival of
adult pig islets in culture and after transplantation is poor. In contrast, the isolation of
neonatal pig islets is more reliable. Moreover, neonatal pig islets have a growth
potential, both in vitro and in vivo. Greg Korbutt presented convincing data that
neonatal pig islets can cure diabetes in totally pancreatectomized pigs.
Although clinical trials have already taken place in Sweden, New Zealand and very
recently in Mexico, problems related to xenograft rejection and xeno-zoonosis still
15
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remain to be resolved, before porcine islet xenotransplantation can be rationally applied
in a clinical setting.
The implantation of xenogeneic tissue has provoked many ethical and
epidemiological controversies. Xeno-zoonosis are of major concern with the
transmission risk of known or potential pathogens to the recipient and also their
possible propagation to close contacts. Many pathogens are well known and recently the
evidence of transmission of porcine endogenous retrovirus (PERV) from porcine cell
lines and lymphocytes to human cells in vitro has been demonstrated. Pigs can be
screened for most of these agents and gnotobiotic pigs or even pigs reared in
unmodified laboratory environment can show very low rates of contamination by
known agents. While it may be possible to ensure that the donor herd is free of all
known infectious, non-retroviral microorganisms, there will remain the probability of
hitherto unknown microbes being transferred to a foreign host, which has no immunity
to the organism. Moreover, porcine endogenous retroviruses are believed to be present
in the genome of all pig cells, and cannot be eliminated by breeding conditions.
Xenotransplantation

Pro

Con

Unlimited supply

Xenogeneic origin. Risk of disease
transmission (PERV), ethical issues.

Scalable source

FDA approved herd not available

May be less susceptible to autoimmunity

Physiological incompatibilities possible

Growth potential of neonatal pig islets

Encapsulation may not sufficient to prevent
rejection (for adult origin of cells)

Opportunity to modify donor with transgene
or gene knock-out pigs

Manufacturing issues

Robustness of islets

In vivo physiology not well defined yet

No amyloid

No gene chips, research difficult

Pig insulin worked for decades

Initial application may need to be retrievable

May be bridge until allo source available

Not all xeno data is public

Large animal model available

Xenorejection is not resolved and require
heavy immunosuppression

The group decided against pursuing any use of non-human material as a viable
replacement source. However, the current transplantation model in the pig represents
an extremely valuable model for evaluating any islet cell replacement source. Therefore,
the group decided to use the pig transplant model as a research tool for evaluating the
physiology of cell transplants and for up-scaling the encapsulation technology. The
group will not focus on islet xenotransplantation as therapeutic option in humans.
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f-Macrophages
Yong Zhao presented during the meeting his finding on a new type of stem cell from
human peripheral blood, termed fibroblast-like macrophage (f-Macrophage), which can
be induced to differentiate into several lineages including neuronal cells, endothelial
cells, epithelial cells, osteoblast cells, and etc. Yong Zhao recently succeeded in inducing
f-Macrophage to differentiate into functional insulin-producing cells, termed bloodderived insulin producing cells (BDIPC), which secrete insulin in response to glucose
and other secretagogues, express insulin gene and other beta-cell markers.
Yet, the group agreed on the fact that it was highly unlikely that such cells were
representing normal b-cells, as the retention of at least parts of a hematopoietic gene
expression program would be expected. Therefore, it was not entirely clear to what
extent such cells may recapitulate normal islet cell function regarding the various
homeostatic challenges that are present in a normal individual.
Xenotransplantation

Pro

Con

Unlimited availability

To good to be true

Expandable

Not been confirmed by other groups

Autologous source possible

No transplant experiments so far

No ethical issues

Limited to about 20 cell doublings

Cryopreservation easy

“Just ß-cells” and not islets

Can be bioengineered

Manufacturing of tailor-made cells

This is a novel approach, but needs confirmation by other groups and testing in diabetes
animal models. Given the promise of the use of this cell type, the Chicago Project
decided to allow for initial exploitation in a transplantation setting of this possible
alternative cell source.

Cell Sources: Conclusion
Human embryonic stem cells are currently the new hope for cell and tissue generation
for the treatment of a variety of diseases. However, it is very unlikely that all the
unaddressed remaining issues, such as expansion and differentiation, can be resolved
within a five-year time frame. Moreover, with the current administration in the U.S.,
availability of human embryonic stem cells will be further obstacle.
The Chicago Project will focus on expanding pancreatic islet cells and creating islet cell
lines originating from human adult pancreases. Considering the large expertise of the
project participants, expansion and immortalization of the specific differentiated
endocrine cells, as well as progenitor cells within the pancreas will represent the target
source material for obtaining an unlimited source of pancreatic islet cells.
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Protecting the islet cells against rejection and diabetes
Whatever the ultimate source of cell will be, it is likely that some of immunosuppression
or immunoprotection of the graft will be needed to prevent rejection and recurrence of
autoimmune diabetes. All existing immunosuppressive regimens have undesirable side
effects such as increased incidence of infection and cancer. Pharmaceutical industry has
experienced in recent year enormous progress in the field and we can expect in the next
few years new drugs with more specific action and less side-effects. Today’s array of
immunosuppressive drugs already allows for the successful transplantation of
pancreatic islets in diabetic patients at the cost of side-effects that are acceptable for at
least high-risk type I diabetic patients in which insulin therapy has failed. However, if a
cell-based therapy should be made available for all diabetic patients, many of the
immunosuppression side-effects become unacceptable.
To avoid immunosuppression, induction of immune tolerance or immunoisolation (e.g.
encapsulation) have been proposed to protect the graft from the assaults of the host’s
immune system. Immune tolerance has been explored extensively by a variety of
groups. Three principal approaches for induction of immunological tolerance towards
an allo- or xenogeneic graft are under investigation, namely hematopoietic chimerism,
lymphocyte depletion and costimulation blockade. Although all of these principles have
been applied successfully in non-human primates, clinical data in humans is still
lacking. A first clinical trial with co-stimulatory blockade by a monoclonal anti-CD40L
antibody was stopped, because of thrombo-embolic complications.
A number of immunoisolation systems have been developed over the past decades.
Three major types of immunoisolation have been studied by many groups and private
industry: perfusion shunt devices anastomosed to the vascular system, diffusion
chambers or macrocapsules and microcapsules. Microcapsules have been studied most
extensively and on a theoretical basis (surface to volume ratio) offer the most promise.
During the Chicago Project meeting, the participants discussed the pro and con of
immunosuppression, immune tolerance and encapsulation.
Immunosuppression

Pro

Con

Ready available

Multiple side effects hampering quality of life,
risk-benefit ratio unfavorable

Addresses autoimmunity

Not a cure

Best thing available right now

Patients have to take drugs

Prevents – at least to some degree –
sensitization

Toxic to islets

May be applicable for short term

May impede regeneration
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Immune-Tolerance

Pro

Con

Could be cure

Not known how to achieve

May be achievable by engineering the right
cell source (non-immunogenic cells)

Induction may be extremely toxic

Would avoid long-term systemic
immunosuppression

May make recipient susceptible to graft
derived malignancies
So far, has not worked reproducibly and in a
predictive and applicable way in humans

Encapsulation

Pro

Con

May allow to reduce need for long term
immunosuppression

May require short term or low dose
immunosuppression

Aids cell survival in culture

Irreproducible source material

Allows for use of bio-engineered cells

No defined threshold for necessary purity of
materials

Large animal data available

No transplant proven commercially available
materials and limited human data available

Limited human data available

Few competent groups for processing

Allows co-transplantation and
immunomodulation

Limited access to expertise (company secrets)

Surgical access possible and retrievable

Longevity not known

May protect fragile cell lines

Physiological insulin release may not be
optimal

The consensus of the discussion was that the Chicago Project is unlikely to contribute to
the field of developing better immunosuppressive drugs or to explore strategies for achieving
immune tolerance. These research areas are well founded through pharmaceutical
industry, NIH and the Immune Tolerance Network in the U.S. and the impact of the
Chicago Project would be minor.
However, the field of immunoprotection by encapsulation could benefit from the
Chicago Project. David Hunkeler will coordinate this research part and focus as outlined
in the plan, on providing the technology for producing large and reproducible amounts
of pure source material appropriate for clinical use, production of bio-compatible
capsules and up-scaling the encapsulation technology for clinical application.
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The Research Project – A Unique Opportunity
The research proposal presented here is unique in multiple ways. It represents the
largest and most focused effort ever in addressing the capability of generating
pancreatic islet cells for large-scale clinical application. A special property of this project
is the linking to the translational setting, where cells developed can be immediately
tested for transplantation in large-animal models or where factors found to be important
for islet cell proliferation and differentiation can be testing in ongoing islet transplant
trials in humans. No other existing research program is integrating transplantation with
ontology, chemistry, cell biology, molecular biology as well as cell-engineering in a
direct collaboration. In addition, the groups represented here are amongst the strongest
in their respective fields and have been collaborating in previous projects. This is a
major strength.
The Chicago Project will be divided into 11 subprojects with a designated leader
for each subproject. All subprojects are interacting with the whole group and reach out
to other research groups. It is important to realize that the 11 subproject have overlap
and critical interaction during the whole five-year period and that none of the
subprojects stands alone.
The Chicago Project is complex and involves the latest technologies, but is based
on simple principles. The complexity and variety of technology used makes it necessary
to split the Chicago Project in subprojects.
The project is summarized in the following table:
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Understanding islet-cell proliferation and
differentiation
Ontogeny:
 Understand development of
pancreas in-vivo in mice
 Confirm findings in human
pancreas (see differentiation)
 Identify key-factors and key-genes
for proliferation and differentiation
of islet cells in vitro
Adult Stem-cells and Progenitor cells:
 Mechanistic understanding of
proliferation and differentiation of
stem and precursor cells
 Lineage tracing

Improving islet transplantation

Immortalization:
 Optimize culture conditions for
isolated endocrine cells
 Induce proliferation of
differentiated islet cells

Increase ß-cell mass of current islet grafts:
 Translate findings of research on
islet proliferation and differentiation
 Enrich with precursor cells
 Bioengineering or in vitro
pharmacotherapy
Make grafts better survive by optimizing
graft environment
 e.g. IL-1 RA
 e.g. prevention of amyloid

Differentiation:
 Understand differentiation of
human islet cells in fetal human
pancreases of different ages
Creation of pancreatic islet cell lines:
 Screen cells and immortaligenes
 Integrate knowledge gained from
ontogeny and stem/precursor cells

Increase supply of high quality isolated
human islets:
 Optimize current organ
procurement, preservation and islet
isolation techniques
 Optimize use of available organ
donors
Improve current islet grafts in vitro by:
 Translate findings of research on
islet proliferation and differentiation
 Explore better culture conditions
 Bioengineering or in vitro
pharmacotherapy of islets to
increase resistance of islets and
improve function

Generation of several islet cell lines,
characterization of those cell lines including
immunogenicity, safety and physiology.

Implementation of encapsulated islet
transplantation
Large animal transplant models: Neonatal
Pig islets to minipigs: Optimize type of
alginate and transplant site
1. Physiology
2. Safety
3. Long term results
Non-human primates transplant model:
 Implantation of empty capsules in
different transplant sites
 Encapsulated allotransplantation in
non-human primates
 Site
 Immunology
 Physiology
 Safety and Long term results
Evaluation of encapsulated human cell line
transplants in rodents

Evaluation of encapsulated cell line
transplants with or without
immunosuppression in phase I clinical
trials (e.g. s.c. transplant to see reaction
to/of graft)
Phase I clinical trial possibly with initial
immunosuppression and encapsulated
human islet cell line transplants
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The 11 Chicago Subprojects
The complexity of a functional cure for diabetes requires the collaboration of a number
of institutions and research groups. No single institution or researcher would have the
capability of providing for each aspect of these project sufficient knowledge and knowhow. However, the Chicago Project is a very focused team effort to find a functional
cure for diabetes and can accomplish the goal within the targeted time line of five years.
In the following section, the different subprojects are presented as described by the
different researchers.

1. The Ontogeny project
Project Leader: Jan Jensen, PhD, University of Colorado, Denver, USA
The research project coordinated by Dr. Jensen will focus on using developmental
biology to deliver important information required to generate islet cell lines.
The aim of the Pancreatic Progenitor Project is to understand and control ß-cell
development from embryonic pancreatic progenitor cells. Specifically, we seek to
modulate events of normal pancreatic development in order to enrich for normal b-cells
that can be evaluated for transplantation. We also seek to understand and control the
expansion of the undifferentiated pancreatic progenitors. The reason for focusing on using
normal pancreatic cells is that b-cells normally derive from undifferentiated progenitors,
and that such differentiation leads to fully functional, i.e. normal, b-cells capable of
controlling blood glucose. This is important, as multiple alternative pathways currently
investigated in order to generate insulin-producing cells are very unlikely to lead to
fully functional b-cells.
It is also the aim of the Ontogeny Project with its integrated genomic data
collection and analysis to investigate during the production of islet cell line changes in
the cell characteristics and to identify the key genes for maintaining cell proliferation
and differentiation of any project incorporated into the Chicago Project.

Experimental efforts
To do this a substantial amount of information of normal pancreatic development is
required. This research program has two central aims:
First, we will identify all extracellular signaling networks in the developing pancreas as
islet and ß-cells form, and use this information to define culture conditions for
propagation of pancreatic progenitors.
Second, we will use the above information to define those extracellular signaling
networks that help induce the islet and ß-cell developmental pathway.
We will form seven highly interconnected research programs, which address
complementary aspects of the problem and an administrative entity for organizational
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aspects. Four of these are evaluating the behavior of normal pancreatic progenitor cells
(Cell culture group 1-4). One group is focused on using state-of-the-art bioinformatics
analyses to identify critical components and signaling substances (Bioinformatics
group). Another group is performing genomics analysis of results obtained from the
first four groups (Genomics group), and presenting this for analysis by the
bioinformatics group, which subsequently feeds information back to the original cell
culture groups. The final group helps in production of any growth factor that was
identified, but could not be purchased (Production group). To organize the research
effort, an Administrative group is also required.
The panel found it mandatory to secure sufficient critical mass in this area. For
that reason, three other invited groups were added. Two of these have already been
identified: Dr. Gerard Gradwohl, INSERM, Strassbourg, France, and Dr. Stephen Leach,
Johns Hopkins University, Baltimore, USA. The third group to participate in this project
is currently being identified based on proven skills in epithelial cell culture and
developmental biology.
The above division of tasks is given to provide as much strength as possible for
each area. Each group has been carefully selected based on previous experience either
with epithelial cell culture systems, pancreatic developmental biology, or both. The
overall aim of this project is therefore divided into four complementary, but overlapping
research areas, which is then carried out by the individual groups. Regular meetings
between the groups are mandatory, as are data sharing. This is exercised by the
administrative core and facilitated by a common Web-resource also maintained by the
administrative core, which will hold experimental data.

Example of typical research effort and group coordination.
The research carried out by the pancreatic progenitor project is extensive, and will
address genes regulating islet and specifically ß-cell development and pancreatic
ontogeny at multiple levels. Below is an example of a typical investigatory effort:
Our project will identify all extracellular signaling factors expressed in the developing
mouse pancreas. This will be done by a bioinformatics analysis of the protein families
encoding such genes (Bioinformatics group). This is not an overwhelming task given
the current level of sequencing of expressed genes, and the existing methodology
developed. Strong preliminary data exist as to the feasibility of this undertaking. We
expect that out of 200-300 possible genes, approximately one-third will be expressed in
the developing pancreas. This set will include previously known growth and
differentiation factors analyzed in pancreatic development, such as shh, FGF10, BMP7,
EGF, etc. The total set defines our parametric set (i.e factors of importance). The
parametric set thus includes multiple genes encoding growth and differentiation factor,
each exerting a specific function. We assume that proper combinations of the identified
factors are decisive for cellular development, yet the combination is not known at
present. To define this, spatial information of the growth factor set is required. It is also
required to understand which pancreatic genes that are immediately influenced by the
factors in the parametric set. To obtain this information, the identity of these genes is
transferred to the four Cell Culture groups, which will perform two types of
experiments:
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Analysis of local gene expression pattern in the pancreas using in situ
hybridization
Performing treatment of pancreatic progenitor cells with the factor in question
(obtained from the Production group), in the presence of cycloheximide blocking
protein translation.

The mRNA will be isolated and transferred to the Genomics group, which will perform
affymetrix array analysis of the material. These data are then transferred to the
Bioinformatics group, which will compare the results against the existing database on
pancreatic-expressed genes, and extract information of target gene modulation, and
provide a final analysis in the common web site to be used by all members.
The result of this analysis, when completed for each growth factor contained in
the parametric set, will provide for an understanding of the capabilities of each growth
factor. This information is crucial to define the conditions for controlling pancreatic
progenitor cell growth and the conditions for b-cell development, which is immediately
tested by the individual Cell Culture groups, as coordinated by the Administrative
group.

Integration between centers in the Chicago Project
Although the Ontogeny Project is listed as a definitive effort towards very specific aims,
the value and integration of this project into the overall Chicago Project is supposedly
the most important aspect. As it stands, the research proposed here is of importance for
multiple other research efforts in the Chicago Project that extends far beyond the
immediate aims of the Ontogeny Project’s and includes interactions at several levels.
These interactions include, but are not limited to:










Ensure the availability of human embryonic and adult pancreatic material
allowing translation of the mouse results into the human system (Gillian Beattie
group)
Coordinating results with the group investigating adult pancreatic progenitor
cells in pancreatic regeneration, where it would be expected that the same genes
as those identified here are important (Julie Kerr-Conte group).
Coordinating efforts with the group investigating transplantation of embryonic
material, in order to facilitate graft cell expansion (Gregory Korbutt group).
Coordination effort with the groups investigating induction of proliferation of
pancreatic islet cells (José Oberholzer group).
Coordinating efforts with the groups investigating maintenance of or regaining
differentiation in proliferating islet cells, allowing the testing of the factors
identified (Gillian Beattie and Gill Leibowitz group).
Coordinating efforts with the vector production group, in order to facilitate the
production of lentiviral delivery of the factors identified in the parametric set of
being of importance to induce proliferation and differentiation (Patrick Salmon
group).
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Deliver cells to the encapsulation group, for testing feasibility in encapsulation
(David Hunkeler group).
Deliver cells to the imaging group, to verify adherence to the islet and ß-cell
phenotype (Marc Donath group).
The Genomics group will be responsible for array data acquisition of ANY group
participating in the Chicago Project.
The Informatics groups will be responsible for array data analysis for ANY group
participating in the Chicago Project.
The Administrative group will coordinate all interactions between the Ontogeny
project and all other participating groups in a regular manner. A web site will be
developed as a shared resource between all participating groups.

The Ontogeny Project is unique in multiple ways and the first effort of its kind to
integrate developmental biology in a cure focused to cell transplant. Only by direct
collaboration and interaction can this very complex basic research knowledge be
immediately translated into a cure project.

2. The Adult Progenitor Project
Leader: July Kerr-Conte, PhD, University of Lille, France
Co-Leader: Gregory Korbutt, PhD, University of Alberta, Edmonton, Canada
The Adult Progenitor Project is a complementary effort to the Ontogeny Project, and will
attach itself close to this. The Adult Progenitor Project will focus on a pancreatic cell
population that offers realistic clinical prospects for clinical transplantation in the near
future, namely human pancreatic progenitor cells. First suggested by Julie Kerr-Conte’s
group in 1996, the proof of concept that human precursor cells expressing CK-19 and
PDX1 present within a ductal cell population can differentiate into insulin-secreting cells
was confirmed in 2002.
Although primary adult ductal cells are poorly available, Julie Kerr-Conte has
shown that clinically significant quantities (1.7x109 viable cells/pancreas) of human CK19 and PDX-1 expressing cells can also be generated from the abundant pancreatic
exocrine fraction, actually discarded during current islet isolation process. As discussed
earlier, this source of cells will not represent an unlimited source of islet cells for the
large scale functional cure of diabetes, but as an intermediate step and proof of concept
it merits further exploration. Preliminary in vivo results and the large number of cells
suggest that these cells could rapidly be utilized clinically in the allograft setting to
achieve 1 donor to 1 recipient ratio, where the ratio is currently two to three donors to
one recipient.
In this collaborative network we will focus on the following major axes:

Differentiation or predifferentiation in vitro
The specific aim of this part of the project will be to optimize the production of “insulin
secreting cells” from pancreatic progenitor cells and to further define their still elusive
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phenotype by gene expression profiling (by the Ontogeny group) and functional
assessment, and compare them to mature primary beta cells. Contaminating beta cells
render differentiation studies uncertain. Specific zinc chelators are highly specific for
islets cells and have been show to be toxic at high concentrations. We will explore this
simple approach to remove contaminating beta cells prior to primary precursor cultures.
Initial gene expression profiles of human exocrine cultures will be established in
collaboration with the Ontogeny group. Removal of contaminating endocrine cells prior
to precursor studies will be confirmed prior to each experiment. We will then
overexpress specific key transcription factors including PDX-1, neurogenin 3, Pax 4 and
silence others (HES-1). This extensive work will only be possible in collaboration with
the Ontogeny and the Vector Project. Gene expression in these cells will be followed as
above in the presence and absence of key differentiation factors (exendin, gastrin,
activin, betacellulin, nicotinamide). Insulin and c-peptide secretion into media, and after
stimulation with glucose and other secretagogues will be evaluated. As the Ontogeny
and the Differentiation Project advance certain key transcription factors and
growth/matrix factors will be identified and will be subsequently tested in this model.
Since the donor age has been shown to be important in the differentiation of these
precursors(18) and in their level of expression of certain transcription factors(23), this
will be taken into account throughout the study by analyzing progenitor cells isolated
from pancreatea procured in donors of various ages.
Attempts to purify out specific subpopulation will be performed including the
cytokeratin 19+/ PDX-1 positive cells, and cells expression nerve growth factor trk-A.
Their differentiation will be subsequently studied.

Differentiation in vivo.
Islet cells obtained from human pancreatic precursor cells will be transplanted in animal
models of diabetes (using immunocompromized mice that do not reject human tissue)
under various conditions that may enhance in vivo differentiation. The further
differentiation in vivo will be analyzed by metabolic tests and also by genetic analysis of
the grafts.

Optimization of human precursor expansion in vitro
Along the course of the Chicago Project, knowledge gained from the Ontogeny, the
Proliferation and the Differentiation projects will be integrated to optimize the in vitro
expansion of human precursor cells.

Differentiation in vitro and in vivo will be reconfirmed post precursor
expansion.
The ultimate goal of the Adult Progenitor Project is to attempt to reproduce precursor
expansion and differentiation starting with pancreatic cells from diabetic individuals in
order to produce an autologous graft. Initially pancreases from diabetic animals, will
serve as the source of progenitor cells to determine the clinical feasibility of this
approach. The subsequent experiment would involve taking a biopsy from a diabetic
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patients pancreas, expanding and differentiating up the cells to be finally transplanted
into the same individual.

Summary
In summary, although many unsolved questions and controversies remain about the
origin and characteristics of pancreatic precursor cells, concordant data accumulated
within recent years strongly suggest that the CK-19 and PDX-1 expressing cell
population obtained from exocrine/ ductal pancreatic tissue offers some interesting
avenues to generate human insulin secreting cells both in vitro or in vivo. The clinical
use of these cells can reasonably be foreseen in the near future both as an adjunct to
primary islet preparations or as a source of in vitro generated human insulin secreting
cells. Since pancreatic tissue removal although an invasive procedure, may be proposed
to type 1 diabetic patients, this approach may also provide a means for autologous
therapy.
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3. Proliferation Project
Leader: José Oberholzer, MD, University of Illinois at Chicago, USA
The proliferation project will focus on inducing pancreatic islet cell growth by either
tailoring specific culture condition or by introducing immortalizing genes. Islet cells, in
particular ß-cells have a very limited and low spontaneous proliferation capacity.
However, it is know that islet and ß-cell do divide in vivo and that there is a selfrenewal also in humans during their life span.
Primary human cells can be stimulated to grow in vitro by a variety of external
factors. Unfortunately, human pancreatic islet cells have a very low capacity to divide
and so far no growth factor or conditions has been appropriate for inducing long-term
proliferation of human ß-cells. Moreover, once human islet cells proliferation has been
achieved in the past, loss of differentiation over time has been observed with loss of
insulin production.
Primary human cells can be immortalized by the means of ongenes. Because of
the very low spontaneous cell division rate, the permanent integration of genes into islet
cells requires the use of lentiviral vectors (see Vector Project). In the past the lentiviral
immortalization approach has been successful in generating cell lines from human
primary cells such as hepatocytes, muscle cells, vascular endothelial cells, respiratory
epithelial cells, but has consistently failed in human pancreatic islet cells.
With the Chicago Project, the immortalization approach can be revisited by
integrating new knowledge from ontogeny, the availability of better vectors and new
proliferation inducing genes and most importantly by new technologies (high
throughput screening (HTS), see also the Differentiation Project) to test a multitude of
culture conditions and immortalizing genes. With the addition of the Ontogeny and the
Differentiation Project, we have now means to understand and prevent loss of
differentiation once proliferation has been induced.
The Proliferation Project will address the following issues:

Purity of starting material
Because overgrowth of the endocrine cells by fibroblasts and endothelial cells rapidly
occurs when immortalizing entire islets, means have to be found to have a pure
endocrine starting material or the eliminate the non-endocrine cells later on.
We will screen for a variety of approaches such as islet and ß-cell sorting either by
chemical means (NewPort green sorting) or molecular biological approaches (GFP living
color or selectable maker under the control of the rat insulin gene promoter (RIP).
Infection of an islet bulk and late triage with tracking vectors will also be explored as to
date survival of isolated endocrine cells is limited.

Optimize survival of starting material
As isolated endocrine cells survive poorly in conventional culture conditions and single
cell culture for clonal expansion is currently hardly possible, we will use high
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throughput screening to test for a large amount of compounds that could improve
isolated endocrine culture and provide optimal conditions for induction of proliferation
and differentiation.

Induction of proliferation and reversible immortalization
Once the optimal culture conditions have been defined, a large-scale screening of
chemical compounds and immortalizing genes with HTS will be performed.
In the past, genes used for immortalization were chosen amongst powerful oncogenes
capable of inducing strong proliferation. However, these oncogenes also have
deleterious effects on primary cells such as chromosomal instability (SV40 largeT
antigen) or pleiotropic activation signals inducing de-differentiation (Ras), or even
acquisition of tumorigenic properties (a phenomenon known as "transformation") when
both were combined. The resulting cell lines, although growing robustly, had invariably
lost most of the phenotypic features of pancreatic cells, and were thus useless for the
cure of diabetes. Today, we know a variety of “soft oncogenes” (e.g. BMI, CDK-4) that
induce proliferation and immortalization without chromosomal aberrations or
transformation, and with better preservation of the cell geno- and phenotype. For the
prevention of senescence, it is likely that telomerase overexpression will be required. For
safety, all the immortalizing genes will need multiple safety features and be excisable
and suppressible. All these vectors will be provided by the Vector Project.

Maintenance of islet and ß-cell specific differentiation
The specific characteristics of the proliferating cells will be closely followed by tracking
vectors (e.g. expressing GFP in dependence of the rat insulin promotor (RIP)),
physiological hormone production and /or by gene profiling (Ontogeny Project) to
identify at which time point de-differentiation does occur and to find strategies to
prevent the process leading to a loss of islet or ß-cell characteristics.

Up-scaling of islet cell production
Up-scaling the production of islet cell lines will face issues like avoidance of megaclusters, quality control and assurance of stability, lack of cancerous potential and safety.
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4. The Differentiation Project
Leader: Gillian Beattie, University of California, San Diego, USA
Collaborator: Sheng Ding, PhD, The Scripps Research Institute, San Diego, USA
The Differentiation Project will focus on finding the optimal conditions to either induce
differentiation of precursor cells or maintain differentiation in proliferating islet and ßcells.
Until now it has only been possible to test small numbers of novel proliferating or
differentiating factors in tissue culture protocols. With recent advances in automation
and detection technologies, millions of discrete compounds can now be screened rapidly
and cost-effectively using high throughput screening (HTS). This new technology is not
readily available and we are fortunate to collaborate with Dr. Sheng Ding at TSRI, who
is one of the leaders in this new field. He has designed a chemical library consisting of
100,000 diverse chemicals. We plan to identify compounds that can effectively


Proliferate beta cells from adult islets



Differentiate progenitor cells from the human fetal and adult pancreas, or redifferentiate expanded beta cells that have become de-differentiated during the
expansion process.

To carry out the screen, the cells of interest will be plated into laminin-coated 384-well
black plates at 100 cells/well (smaller cell numbers for clonal expansion will be tested
later after defining the optimal conditions) in media containing the compounds to be
tested. After 4-6 days compound treatment, cells will be fixed and immunostained for
specific markers. Two markers can be visualised at a time. Images of each well (of both
channels) will be taken by the automated, high-speed inverted fluorescence microscope
equipped with auto-focusing technology (0.1-0.4s per field) (EIDAQ100, Q3DM), and
analyzed by an integrated image analysis software (CytoShop, Q3DM). The image
analysis will include double-labeled cells, for instance a cell staining for insulin that also
stains for a proliferation markere such as Ki-67. Alternatively, for markers for which we
do not have an antibody (such as ngn3) reporter cell lines can be developed and such
line can be used to monitor Ngn3 expression in live culture over multiple time points
using the same imaging-based system (reporter cell line will be produce by the means of
tracking lentiviral vectors, see Vector Project). Such high throughput and high-content
microscopy and analysis will allow us to carry out imaging-based screening of 10,000
compounds per day. By comparing to the control wells containing no chemicals
compounds and to wells containing known growth factors (such as HGF for
proliferation, NIC for differentiation) we can determine which chemicals are active.
Once potential compounds have been identified, we will repeat the experiments for
confirmation and apply the compounds in different concentrations and combinations.
We will screen for pre-selected 50,000 compounds for small molecules that can
selectively and efficiently induce proliferation and maintain or regain differentiation
islet cells.
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5. The F-Macrophage Project
Leader: Yung Zhao, MD, PhD, University of Illinois at Chicago, USA
The F-Macrophage Project will focus on a new, recently discovered type of stem cell
from human peripheral blood, termed fibroblast-like macrophage (f-Macrophage). Yung
Zhao has been able to induce f-macrophages to differentiate into several lineages
including neuronal cells, endothelial cells, epithelial cells, osteoblast cells, and etc. Dr.
Zhao has recently succeeded in inducing f-Macrophage to differentiate into functional
insulin-producing cells, termed blood-derived insulin producing cells (BDIPC), which
secret insulin in response to glucose and other secretagogues, express insulin gene and
other beta-cell markers.
Additional studies reveal that healthy human beta cells also display macrophageassociated markers and function including phagocytosis and cytokine production.
Macrophage-like properties of beta-cells have not been previously reported. Based on
Zhao’s observations, it is possible that the BDIPC may function like beta cells and may
control blood glucose level in vivo,. If these finding can be confirmed f-macrophages
might be an ideal candidate for beta cell replacement therapy.
The Aims of the F-Macrophage Project:


Re-confirm the findings and assess the BDIPC’s capacity to correct hyperglycemia in
rodent models of diabetes.



Gene array profiling to understand the process of BDIPC generation in the context of
the Ontogeny Project.



Optimize the ex vivo insulin production in BDIPC using different culture conditions



Expand of f-macrophage culture with cytokine combinations



Optimize the route of administration and evaluate cell dose for in vivo studies



Culture f-macrophage from large animals, and induce them to generate BDIPC for in
vivo studies in large animal models of diabetes



The ultimate goal would be to provide a new type of stem cell, f-macrophage, to
generate insulin-producing cells for the autologous treatment of diabetes.
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6. The Vector Project
Leader: Patrick Salmon, PhD, University of Geneva, Switzerland
The focus of the Vector Project will be to design and provide all the lentiviral vectors
needed to generate cells capable of treating diabetes. The Vector Project will also actively
participate in the "cell engineering", from isolation, to immortalization and
differentiation.

Setting
The LVPU (Lentiviral Vector Production Unit) in Geneva started almost two years ago,
as part of the European Gene Vector Production Network, initially sponsored by the
French Muscular Distrophy Association and the Faculty of Medicine in Geneva. It was
designed as a specific platform between academia and applied medicine, to pave the
way for the future use of lentiviral vectors (LV) in human therapies. To achieve this goal,
our specific objectives are:
1. To develop new vectors, packaging cell lines, reagents and procedures in order to
improve the efficiency and the biosafety of LVs.
2. To provide large-scale batches of lentiviral vectors to the scientific community,
for large-scale in vitro experiments or in vivo experiments in small animals.
3. To optimize protocols and procedures for LV production and characterization.
4. To bank cells and plasmids used for LV production and characterization.
5. Provide scientific and technical assistance to the scientific community for the use
and design of LVs.

Future aim
As part of the Chicago Project, we plan to expand our activity both in research and
development. We also plan to apply GLP and GMP procedures to the production of LVs
and cell lines.

Specific aims


Design of new vectors
o Most plasmidic backbones used for LV design and production, contain
historical sequences that need to be removed in order to have a minimal,
clean and robust basis for the future LVs. We thus plan to first address this
issue by doing a systematic optimization of LV backbones. In this regard,
we also need to add specific features in the new backbones, essential for
efficacy and safety in gene therapy and cell therapy.
o These new vectors will contain all the new features as modules, which can
be exchanged to provide easy tuning. For example, specific promoter
elements can be added or removed to ensure expression of the gene of
interest in certain cell types (beta-cells, alpha cells or their precursors).
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o Specific designs, based on a technology already developed in the
laboratory, and allowing for reversible immortalization of human cells,
will be improved in term of efficiency, versatility and safety.
o Also, a specific LV system that we already used in preliminary
experiments, and aimed at tracking and purifying precursor cells, will be
improved and applied to new cells identified in Ontogeny Project.
o Finally, the Vector Project will also develop a whole new generation of
vectors designed to provide new functions to the cells. These vectors will
provide, either signals to force the cells to become an endocrine cell (as
identified in the Ontogeny Project), or extra features such as resistance to
downstream processes (encapsulation) or susceptibility to specific drugs
(conditional ablation of proliferating cells).


Production of vectors
o As part of the Chicago Project, we plan to apply GLP and GMP procedures
to the production of LVs. For this goal, we need to implement SOPs and
ultimately set up a specific laboratory space that will comply to these
requirements, so that all biological materials generated in our laboratory
(vectors and cells) can traced and fulfill regulatory agency guidelines.
These vectors will be used either in the Vector Project laboratory, or the
laboratories of other participants of the Chicago Project.



Engineering of cells
o The Vector project will provide all the vectors to immortalize various cells
from various origins within the Chicago Project. The products will be used
or analyzed in the different subprojects such as gene profiling by the
Ontogeny Project, proliferation and differentiation by the Differentiation
Project, differentiation of ductal precursors by the Adult Progenitor
Project, proliferation of islet cells by the Proliferation Project, ß-cell
physiology by the Cell Characterization Project, suitability for
encapsulation by the Encapsulation Project.
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7. The Cell Characterization Project
Leader: Gil Leibowitz, MD, Hadassah Hebrew University Hospital, Jerusalem, Israel
The Cell Characterization Project will focus on the detailed evaluation of differentiation
state and functional maturation of insulin-producing cells derived within the Chicago
Project. The Cell Characterization Project is essential to select only those cell lines that
truly harbor the complex phenotype of mature endocrine islet and ß-cells. The
integration of this project will allow for critical and specific testing of the cells produced
in regard to the appropriate physiology and safety.
Differentiated cells derived from different sources will be analyzed for their
differentiation state and function. This will include detailed analysis of insulin
production and secretion in vitro and in vivo.

Detailed characterization of insulin gene expression, proinsulin biosynthesis
and processing
Insulin gene expression in the differentiated cells will be studied by RT-PCR, RNAse
protection assay and in situ hybridization. Insulin promoter activity and its
responsiveness to glucose stimulation will be analyzed by transfecting the cells with
vectors encoding the firefly luciferase gene under the control of the insulin promoter.
In addition, we will characterize insulin expression at the protein level by
immunostaining and radioimmunoassay (RIA) for insulin and C-peptide. Detailed
analysis of proinsulin biosynthesis and processing will be performed by metabolic
labeling of newly synthesized peptides with H3-leucine followed by high-performance
liquid chromatography (HPLC) analysis for insulin immune-reactive peptides.
Proinsulin biosynthesis and the efficiency of its conversion to mature insulin will be
compared to that observed in human islets.

Insulin secretion in vitro
Chronic insulin and C-peptide secretion to the medium will be analyzed by
radioimmunoassay (RIA). The level of secreted insulin in response to acute stimulation
by different nutrient secretagogues and potentiators, such as glucose, succinate, amino
acids, cAMP (forskolin), glucagon-like peptide 1(GLP-1), carbachol, and sulfonylurea
will be studied by static incubation and perifusion experiments. We will also determine
if the cells secrete fully processed insulin by specific RIA coupled with HPLC analysis.
The expression of genes that characterize mature b-cells including glucokinase, Glut2,
pancreatic convertases (PC1/3 and 2), and SUR-1/Kir6.2 will be analyzed by RT-PCR
and immunostainig. Finally, electron microscopy analysis will be performed to see if the
cells contain mature secretory granules. This detailed analysis will show if the insulinproducing cells are mature and functional b-cells.
b-cells are clustered together with glucagon secreting a-cells in adult pancreatic islets.
This interaction is important both for b-cell development and for physiological
modulation of islet function. Therefore, glucagon expression and secretion from
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differentiating pancreatic endocrine progenitors will also be studied. Glucagon secretion
in response to modulation of glucose and insulin levels will be analyzed.

Insulin secretion in vivo
b-cells at different stages of our differentiation protocols will be transplanted under the
kidney capsule of nude mice. Grafts function will be analyzed by immunostaining for
insulin and measurements of graft insulin content and C-peptide response to glucose
and arginine stimulation. Finally, we will transplant the cells to streptozotocin-induced
diabetic nude mice to see if b-cell differentiation of the produced cells is sufficient to
normalize blood glucose. IPGTT and meal tests will be performed in transplanted
diabetic animals to confirm that transplantation leads to adequate secretion of insulin,
resulting in complete normalization of blood glucose in response to glucose load.
We plan to generate uniform standards for the evaluation of all "surrogate" bcells. This will be based on evaluation of different aspects of b-cell function with
emphasis on the physiological regulation of insulin production and secretion in vitro and
in vivo. The safety of alternative b-cell sources for transplantation is of great importance.
Therefore, all cell lines will undergo karyotype analysis and the tumorigenic potential in
vivo will be tested at different time points following transplantation.
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8. The Immunology Project
Leader: Marc Donath, MD, University of Zurich, Switzerland
The Immunology Project will focus on modulating the immunological response of the
islet graft and the recipient.
Together with recent published data describing the secretion of cytokines and
chemokines from human islets, the paradigm exists that pancreatic islets cells can
produce and secrete cytokines and chemokines that are potentially involved in the
regulation of β-cell mass and function in addition to the insult resulting from the
immune attack. Understanding this process is essential for the ultimate goal of this
project, to create a surrogate robust insulin-producing cell.
The project aim is to identify and modulate novel cytokines/chemokines
contributing to the impaired β-cell mass and survival. The following collaborative
experiments are planed:
1. Protection of islet from assaults of cytokines/immune system:
To identify islet associated cytokines/chemokines on a protein level, we have
established the Luminex (multiplex) technology to screen for the presence of 17+
cytokines/chemokines. Novel candidates will then be further identified on an mRNA
level using RT-PCR technology with gene specific primers. Preliminary data suggest an
abundance of IL-6 and IL-8 secreted from human islets (10 to > 32 000 pg/ml islet
supernatants) with confirmation of IL-6 and IL-8 transcripts in human islets. In parallel,
putative protective factors including receptor antagonists or intracellular modulator of
the cytokine assault will be evaluated.
2. Understand the role of different cytokine /immunefactors
Each detected cytokine/chemokine will be investigated for its respective effect and
relative importance. We will examine pancreatic islet sections for the presence of novel
cytokines/chemokines. These experiments will be carried out using
immunohistochemical analysis with specific antibodies. If it proves difficult to identify
theses cytokines/chemokines on a protein level, alternative approaches such as in situ
hybridization analysis will be employed.
The precise role of each factor will then be identified by profiling of protein kinases
and cDNA microarrays. For profiling of protein kinases Western blotting analysis of the
regulation of 39 phospho-regulated epitopes on 35 different protein kinases and other
phosphoproteins will be performed on isolated islets by Kinexus Bioinformatics Corp.
(Vancouver, British Columbia, Canada), using a minimum of 350 µg of islets lysate
protein following centrifugation. Using a custom-made cDNA microarrays, we will
analyze the level of expression of genes involved in stimulus-secretion coupling,
exocytosis, β-cell differentiation and cell-turnover. We will analyze the data from the
microarray experiment to identify which genes are up or down-regulated and how they
are clustering, looking for differential expression. Finally, the picture will be completed
by proteomic analysis by means of mass spectrometry. Using vectors, we will transfect
human islets and then test the reversibility of the impairment. The relevance of the
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identified mediators will be tested by using substrate of kinases, pharmacological
approaches or direct up- or down-regulation of culprit genes by means of encoding
vectors or siRNA depending on the identified factors. Such transfection experiments are
routinely performed in Marc Donath’s laboratory.
3. Host’s immune response to encapsulated cell transplant
Encapsulation may prevent induction of some cytokines but may induce some others.
Therefore, as soon as available, tissue sections of transplanted encapsulated islets, blood
samples from transplanted animals as well as cultured encapsulated islets will be
evaluate for induction, release and protection from cytokines/chemokines as described
above (see 1 & 2).
4. Cytokine signalling, cell survival
Once a complete picture of the expression, regulation and release of the relevant
cytokines/chemokines are identified, appropriate immunomodulation of the graft (e.g.
by means of FLIP) will be evaluated towards targeted interventions. This will be done
by targeted gene up-regulation or knock down using siRNA. Based on this results,
pharmacological approaches will be used and develop in vitro and animal study, before
human testing will be possible.
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9. The Amyloid Project
Leader: Bruce Verchere, University of British Columbia, Vancouver, Canada
The Amyloid Project will focus on the role of amyloid in ß-cell death and focus on
finding strategies to prevent amyloid formation in cell transplants.
Bruce Verchere and others have found that islet amyloid, a toxic lesion of the pancreatic
islet previously thought to be present only in type 2 diabetes, forms extremely rapidly
(days to weeks) in human islets both during culture and following their transplantation
into a mouse model of type 1 diabetes. Islet amyloid is composed primarily of islet
amyloid polypeptide (also called IAPP or amylin), is a 37 amino acid peptide that is
synthesized and secreted along with insulin by pancreatic islet beta cells. In persons
with type 2 (adult-onset) diabetes, IAPP tends to aggregate to form amyloid fibrils. In
this disease, islet amyloid deposition is progressive, occurring over many years.
Amyloid deposits are known to be toxic to islet beta cells, likely via interaction of
the amyloid fibrils with beta cell membranes leading to induction of apoptotic beta cell
death. Gradual deposition of islet amyloid is thus likely to play a major role in the
progressive loss of beta cell mass and failing insulin secretion that almost inevitably
occurs in type 2 diabetes. Based on our findings, we now believe that islet amyloid is a
previously unrecognized and potentially very important cause of beta-cell death in
human islets not only during culture but also following transplantation, potentially
contributing to primary graft non-function and failure. Inhibition of islet amyloid
formation may therefore be a novel approach to enhance survival of human islets in
culture (and may thus remove a major limitation to in vitro expansion of human beta-cell
mass) as well as in transplantation. The recent emergence of specific inhibitors of
amyloid formation now allow us to test this novel possibility directly. We propose to
determine whether inhibition of amyloid formation in human islets during culture and after
transplantation will protect beta cells from amyloid-induced cell death and enhance graft
survival. Two approaches will be used.
First, we will determine whether inhibitors of islet amyloid formation enhance survival and
function of human islets during prolonged culture and following transplantation. Small peptide
inhibitors of amyloid formation have been developed by our collaborator Dr. Paul
Fraser (University of Toronto). These inhibitors will be tested for their impact on human
islet beta cell survival, proliferation, and function during prolonged culture and
following transplantation into mice with chemically induced diabetes. Chemical
modifications of these peptides will be made (with Dr. Fraser) to enhance their efficacy
in vivo, and modified inhibitors will be tested in diabetic mice that have received human
islet transplants.
Second, we will determine whether inhibition of expression of islet amyloid polypeptide enhances
survival and function of human islets during prolonged culture and following transplantation.
Islet amyloid forms by the aggregation within islets of the beta-cell peptide IAPP or
amylin. To assess whether inhibition of human IAPP expression can block amyloid
38

The Chicago Project

“The Functional Cure of Diabetes”

formation and protect cultured and transplanted human islets, we will use viral vectors
(developed in collaboration with the Vector Project) to deliver short interfering RNA
(siRNA) specific for human IAPP to human islets and assess beta cell survival and
function during culture and following transplantation into diabetic, immune-deficient
mice.
These studies have the potential to lead to a novel approach to enhance the
survival of human islet and stem cell-derived beta cell survival in vitro, and could
impact new approaches aimed at in vitro expansion of human beta cell mass and
differentiation of human beta cells from progenitors. Indeed, we plan to use this
approach to enhance survival and function of human islet cell line as they are developed
by other colleagues in the Chicago Project. These studies also promise to lead to new
ways to enhance graft function and survival in clinical islet transplantation.
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10. The Large Animal Transplantation Project
Leader: Gregory Korbutt, University of Alberta, Edmonton, Canada
The focus of the Large Animal Project is to provide models for testing the cells and
encapsulation technology under clinically relevant conditions and for allowing detailed
metabolic and safety evaluation.
In 1996 Gregory Korbutt published a simple, standardized procedure for isolating large
numbers of functionally viable neonatal porcine islets (NPI). In addition, differentiation
of islet precursors into functional insulin-producing tissue is another attractive source of
cells for treating patients with type 1 diabetes and as part of the Chicago Project, the
differentiation of NPI will deliver important information to the Ontogeny, the
Proliferation and the Differentiation Project.
Islet cells produced within the Chicago Project will be tested in vivo initially in
rodent models of diabetes in order to assess whether normoglycemia and normal
glucose tolerance can be achieved
The next progression, prior to clinical transplantation, is to determine if the
products of the Chicago Project can also cure diabetes in a large animal model.
Furthermore, because of its anatomical and physiological similarities to humans, the pig
appears to be a suitable large animal model for pre-clinical studies of islet
transplantation.

Allogeneic NPI transplantation in pancreatectomized diabetic pigs
Dr. Korbutt’s group has successfully pancreatectomized several mini-pigs and achieved
insulin-independence following intra-portal islet transplantation in conjunction with
immuno-suppression. This model will allow for more detailed metabolic analysis of cell
transplants for the functional cure of diabetes.

Encapsulated islet transplantation in large animals (see also the Encapsulation
Project)
One strategy to over come the need for the use of immuno-suppression is to immunoisolate the cells by alginate micro-encapsulation. Therefore, an issue to be addressed in
this porcine model is the identification of an appropriate transplant site for the
encapsulated insulin-producing grafts. Historically, the liver and spleen have been the
preferred sites for large animal islet grafts. These sites are, however, less suitable for the
larger volume of encapsulated cellular grafts. Since we have shown that the omental
pouch is a viable site for encapsulated canine islet auto- and allografts and because it
would permit biopsy for morphological assessment or complete removal of the graft,
this Objective will first demonstrate the ability of encapsulated NPI allografts to achieve
normoglycemia in a pancreatectomized diabetic porcine model.
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Experimental Plan
Within the first six months we will establish this model by transplanting five pigs with
encapsulated NPI. These initial transplants will utilize alginate prepared in Edmonton
and subsequent studies will use alginate developed by David Hunkler (the batch used
currently in Edmonton is of small size). Islet grafts will be implanted in a surgically
created omental pouch. These preliminary experiments are designed to define the
critical islet mass and demonstrate our ability to achieve euglycemia, before embarking
on insulin producing grafts developed from pancreatic islet precursors/cells. In all
recipients that exhibit long term euglycemia an IVGTT will be carried out to examine the
metabolic function of the grafts. At end of follow-up, an omenectomy will be performed
to confirm return to hyperglycemia. The graft will be assessed histologically.
The transplant site and different capsules will also be tested in primates. Finally,
once the cell line become available, they will be tested in pancreatectomized non-human
primates.
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11. The Encapsulation Project
Leader: David Hunkeler, PhD, Aquatech, Geneva, Switzerland
The focus of the Encapsulation Project will be do provide a clinically applicable
encapsulation system for the safety of the graft and for immunoprotection.
Immune-protection indicates a means, generally based on synthetic materials, of
protecting the transplanted islet graft from the host’s immune system, and vice versa.
Encapsulation, a specific case of immune-protection, involves the coating of cells with a
polymer or set of polymers (polymers are a generic, Greek-derived, name for plastics,
which are, in this case, water compatible and generally of natural origin such as those
obtained from algae). Given that the Chicago Project seeks to, rapidly, move to clinical
application, the Encapsulation Project will involves three key elements, all of which will
be major topics within the Encapsulation Project:




Materials Purification and Standardization
Production of Biocompatible Microcapsules
Up-Scaling of a Sterile Encapsulation Device

The Encapsulation sub-group had identified world-renown scientists to lead each of its
three sections. Figure 1 describes the relationship between the encapsulation sub-project
and the University of Illinois-Chicago Foundation. The “Chicago Project (Geneva)
Foundation” will be a foundation under the Swiss sense of the law, fully not-for profit,
paying, directly, and with no overhead, the salaries of the principal investigators. It will
also have representation from the University of Illinois Chicago Foundation, and the
Chicago Project leadership.
University of Illinois-Chicago
Foundation
Vector Sub-Project (GE)

Chicago Project (Geneva) Foundation
Board
David Hunkeler (President)
Patrick Salmon (Vice President-Bio)
Raymond Farinato (Vice President-Poly)
Scientific Director (Scientific Director)
José Oberholzer (Medical Director)
Howard Newman (Treasurer)

Polymer Institute
Slovak Academy of Science
AQUA+TECH (GE)

Outsourced to Others

Figure 1. Relationship between the various actors related to Encapsulation.
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1. Materials Purification and Standardization (Dr. Raymond Farinato, Research Fellow, Cytec,
Stamford, CT)
The entire field of islet encapsulation has suffered from some excellent though
completely irreproducible, results. This problem is linked to a lack of thresholds for the
purity of the most important biocompatible material, and alginate derived from
seaweed. Therefore, the sub-project must identify the metrics by which to measure
alginate purity, and optimize the enzymatic elimination of endotoxins and proteins from
the alginate. It must also purify alginate on kg scales to have transplant proven
biomaterials, the key deliverable from the project. Given the investigators life-long
work on polymer characterization and purification, no-one is better suited than Ray
Farinato to meet, within the first three years, this reasonable challenge. Farinato will be
complimented by two technicians, one specializing in polymer solutions, another an
expert in purification. The group will also be complimented by a Post Doc specializing
in epimerization, most desirably Berit Strand, presently working for Chicago Project
partner Greg Korbutt. Our specific tasks will be as follows:
•
•

•
•

•
•

Alginate will be isolated directly from seaweed using only the inner cortex which
provides the most suitable material.
The alginate microstructure, specifically the mannuronic (M) to glucuronic (G) acid
sequences, modified via epimerization. We will, specifically, produce a polyMG
alternating copolymer, then re-introduce M-groups. It is expected that Berit Strand,
from NTNU in Trondheim, Norway, currently working with our Chicago Project
partner, Greg Korbutt, will join the project. The Trondheim group has unique skills
in this regard.
Alginate will be purified, first, by sterile filtration which can reduce endotoxins, via a
unique process developed by David Hunkeler, to levels 10-20 times below that
required by the FDA, and lower, hence more pure, than any other alginate available.
The second impurity, the proteins, which have plagued all other groups, will be
degraded enzymatically via a process Farinato is familiar with. The use of specific,
selective, enzymes is essential, hence experience in polymer degradation by various
means (biological, mechanical and chemical) where Farinato excels, is critical.
To avoid contamination via film-forming bacteria, alginate will be purified in large,
sterile, batches, rather than continuously, as the firms supplying alginate (e.g.
FMC/Pronova) do.
By evaluating alginate beads, transplanted into various sites (see Point 3) the limit in
regards to protein levels (i.e. the threshold) will be established.

2. Up-Scaling of a Sterile Encapsulation Device (Dr. Igor Lacik, Head of Department of Polymers
and BioPolmyers, Slovak Academy of Sciences, Bratislava)
There has been only one patented, large-scale device to ensure clinical grades of
encapsulated islets, and this was developed by Igor Lacik et. al, during Dr. Lacik’s
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tenure as part of the NASA-sponsored encapsulation project at Vanderbilt in the 1990s.
This team, which included the astronaut Taylor Wang, and David Hunkeler, published
in Nature Biotechnology the first reversal of diabetes in spontaneously non-diabetic
rodents, and has continued its work, on biocompatible capsules in large animals, which
have been explanted one year post-transplantation with no fibrotic overgrowth. Igor
Lacik, who continues to innovate in this field, will lead the section on biocompatible
capsules, an area in which he is uniquely qualified. Indeed, Lacik and Hunkeler, an
established and complimentary team, have worked together for fifteen years and are one
of the few groups to have defined a new, biocompatible, capsule, over the last 20 years.
Lacik will be complimented by a vice-head, Marek Stach a Ph.D. level scientist, two
polymer engineers and a technician. The team will evolve the present alginate, cellulose
sulfate capsule. Specific tasks will include:
•

•

Head-to-head testing of the laminar, tubular-flow, micro-reactor patented by Lacik’s
former group at Vanderbilt, with the alternating-chamber reactor developed, and
published, by Hunkeler while at the EPFL. The reactor has been used in all Lacik’s
rodent and dog studies, with very good results.
Testing of the two pieces of equipment on a variety of cells encapsulated in alginate
beads (Point 1) as well as quaternary membrane-containing microcapsules (Point 3).

3. Production of Biocompatible Microcapsules (Prof. Dr. David Hunkeler, AQUA+TECH)
Microcapsules will be prepared based on natural polysaccharides, such as those
purified in Sub-topic 1, as well as membrane containing systems, the latter to either
immobilize or exclude the ingress and egress of undesired species. Given David
Hunkeler’s background in technology implementation, via his start-up firm,
AQUA+TECH, specializing in engineering aspects related to polymer production and
upscaling, he will lead the part of the project related to developing and up-scaled,
sterile, encapsulation device. Two lab prototypes exist, at present, the former Lacik’s
group device mentioned in Point 2, as well as another, published by Hunkeler, two
years ago. Therefore, the bulk of the work has been completed, and resources are
needed to move from lab to clinical prototype. Hunkeler will be complimented by one
polymer engineer, one chemical engineer responsible for a ton-size quantity of purified
alginate and a microtechnologist for the device preparation/evaluation. The specific
program will include:
•
•

Preparation of alginate beads, from the purified alginate in Point 1, and using the
encapsulation device in Point 2,
Preparation of membrane-containing microcapsules from sterile alginate and
cellulose sulfate, coated with an oligocation. At present, polymethylene-coguanidine seems the best chemistry given its ability to produce permselective
membranes of large size (10s of micrometers) which have a secondary function as an
entrapment barrier. The “PMCG” microcapsules have been explanted after one year
in the IP with no fibrotic overgrowth. It is anticipated that, for each transplant site
identified in the work, a different polycation coating will have to be identified, and
this will be part of the work program.
44

12. Project Overview

The Chicago Project

“The Functional Cure of Diabetes”

The Five-year Plan and the Milestones
The goal of the Chicago Projects is to implement a cell based functional cure of diabetes
within a five-year time frame. This will only be possible by a very aggressive and direct
collaboration within the Chicago Project and by direct, uncomplicated funding. The
magnitude of this project exceeds any previous effort to achieve a cell-based functional
cure of diabetes and can be compared in its complexity to the human genome project or
the Manhattan project.
All the participants are willing to focus their work for the next five years on the
Chicago Project and to work as a team. This will be constantly monitored through a
coordinating administrative core.
Importantly, in order to keep the timeline, six-month milestones have been
defined, which must be met to ensure further funding. A scientific review panel will be
established to critically review achievement of the milestones. The participants will meet
twice a year in Chicago or alternative locations and hold phone conferences as a whole
group at least every three months. Research material will be shipped as needed.
To give sufficient time for in-depth scientific review, a detailed scientific research
proposal for each subproject will be submitted by April 1, 2005.

Year 1
If appropriate funding is given, the Chicago Project could start by July 1, 2005. The first
six months will be needed to up-scale the capacities of all the participating groups. It
will involve recruitment and hiring of additional personnel and establish all the
necessary collaborations within the Chicago Project. The up-scaling is a crucial
component of the Chicago Project and will allow for an accelerated progress in the
current research of the participants focused on a cell based functional cure of diabetes.
From a logistical point of view the up-scaling of the following facilities/program
will be essential for the initiation and success of the Chicago Project:
1. Expand availability of human tissue
Currently, because of limited financial resources, human islets for research can
only be provided in a number of about two islet isolations per month. With
appropriate financial means, the current donor availability would allow for, e.g.
at UIC, performing one to two islet isolations per week.
a. Human islets provided by the UIC islet facility for the North-American
participants and the University of Lille islet facility for the European
groups
b. Fetal pancreas tissue provided through the University of California, San
Diego
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2. Establish core facility for High-Throughput-Screening (HTS). HTS is an essential
and novel part of the Chicago Project and will allow for the large-scale screening
of a variety of conditions for obtaining islet cell lines.
3. Up-Scale the Lentiviral Vector Production Unit (LVPU) at the University of
Geneva, Switzerland, and if needed create an independent structure close to the
campus, to provide all lentiviral vectors needed for the participants of the
Chicago Project. This includes providing the latest generations of LVs, providing
tailored LVs for specific purpose, as well as ultimately providing batches of LVs
suitable for clinical use.
4. Establish core facilities for gene and protein arrays at the University of Colorado,
Denver. The access to gene and protein array will be essential for understanding
the expansion and differentiation of pancreatic islet cells and will be needed in
essentially every subproject.
5. Establish a core facility for Cell Characterization at Hadassah Hebrew University
Hospital, Jerusalem, Israel. The Cell Characterization will allow for rapid
screening and detailed analysis of potential suitability of generated cell lines.
The milestones to be met for the first year are the following:
Project

Milestone 1

Milestone 2

1. Ontogeny

Morphogenes expressed in
the developing mouse
pancreas are identified

Bioinformatic and microarray
core facilities are established.
Microarray core capable of
handling outside requests,
Bioinformatics core capable of
supplying analysis for
participating groups.

2. Progenitor

Precise characterization of
human precursor cells in
culture

Determine the differentiation
capacity in vivo poststimulation (mouse)

3. Proliferation

Establishment of weekly
Defining optimal culture
human islet isolations for high system for single islet cell
throughput screening (HTS)
culture by HTS

4. Differentiation

Establish HTS and Set-up
logistic for fetal pancreas
micro-arrays

Define optimal culture system
for proliferation and
differentiation using
identified HTS data with
adult islets
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Project

Milestone 1

Milestone 2

5. F-Macrophage

Establish optimal condition to
expand f-macrophages and
identify limits of expansion

Find optimal conditions to
improve insulin production

6. Vector

New backbones of LV are
available

First vectors are available for
proliferation

8. Immunology

Identification of complete
panel of cytokines produced
by islets in vitro

Identification of the cellular
source of the cytokines

9. Amyloid

Generation of optimal tools
for inhibition of IAPP
expression

Proof of principle that
inhibition of amyloid
formation in vitro can
enhance human islet cell
survival

10. Large animal

Cure diabetes in five minipigs
with neonatal islets
encapsulated with Edmonton
Alginate

Testing of different transplant
site started

11. Encapsulation

Encapsulate human islets
with in vitro evaluation

Capsule defined for neonatal
porcine islets

In brief the main goal of the first year is to initiate the project and ensure that the
different subprojects can meet basic milestones for proof of principle and proof of
functional collaboration of the Chicago Project.
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Year 2
The main goal of the second year is to provide the first islet cell lines by integrating the
knowledge gained in the Ontogeny Project into the different subprojects, up-scaled
encapsulation technology and appropriate large animal models to extensively test
encapsulated islet transplantation.
The specific milestones for year two are:
Project

Milestone 3

Milestone 4

1. Ontogeny

Produce pancreatic
fibroblastic cell lines, for use
in binary pancreatic
progenitor cultures

Culture conditions for
propagation of pancreatic
progenitors cell are defined

2. Progenitor

Establish lineage tracing in
human acinar and ductal cells

Ex vivo expansion of
pancreatic precursor cells

3. Proliferation

Induction of proliferation of
differentiated endocrine islet
cells

Proof that differentiation can
be maintained post expansion

4. Differentiation

Define systems for testing
factors identified in the microarray studies on fetal islet
cells

Identification of factors
relevant for proliferation and
differentiation using
identified HTS data with
adult islets

5. F-Macrophage

Complete in vivo evaluation
of BDIPC

Generate f-macrophage from
pig peripheral blood

6. Vector

Second generation of LVs is
available for cell
differentiation

Third generation of LVs is
available for lineage tracking
and live sorting of cells

7. Cell Characterization Identify change in function of
improved islets using HTS
data

Establishment of the function
of the different cell lines
produced

8. Immunology

Impact of cytokines on islet
function and survival/cell
turnover

Identification of modulators
of cytokine response

9. Amyloid

Optimization of inhibition of
IAPP using LV vectors

Proof of principle that
inhibition of amyloid
formation in vivo can enhance
human islet transplant
survival
49

The Chicago Project

“The Functional Cure of Diabetes”

Project

Milestone 3

Milestone 4

10. Large animal

Complete testing of alginate
from Hunkeler in pigs

Start testing different
transplant sites

11. Encapsulation

Finalize prototype of sterile,
large-scale encapsulation
system

Finalize threshold for alginate
purity

Year 3
The main goal of the third year is to extensively test established cell lines, secure genoand phenotypic stability of the cell lines, provide large-scale encapsulation and
determine the optimal transplant site in large-animal models.
Project

Milestone 5

Milestone 6

1. Ontogeny

Finish data acquisition for
morphogenes capable of
inducing Ngn3, Pax 4 and Arx
gene expression in normal
pancreatic cells.

First successful b-cell
conversion of pancreatic
progenitor cells grown in
culture.
Definition of b-cell
differentiation conditions.

2. Progenitor

Ex vivo generation of
significant amounts of islet
cells

Cure diabetes in rodent model
with ex vivo generated islet
cells

3. Proliferation

Establish stable islet cell lines

Reverse diabetes in rodent
models with produced islet
cell lines

4. Differentiation

Test factors in large culture
systems applying HTS data

Define optimal culture system
for differentiation

5. F-Macrophage

Transplant Pig- BDIPC into
autologous, diabetic pigs

Demonstrate long term
diabetes reversal in pig

6. Vector

Phenotypic and genotypic
characterization of the first
immortalized cell lines

Validation of deimmortalization procedures
(transgene excision,
conditional ablation)
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Milestone 5

Milestone 6

7. Cell Characterization Characterize the produced
cell lines

Evaluation of bio-safety of
established cell lines

8. Immunology

Test modulator cytokine
production in experimental
islet transplantation

Show that modulators of
cytokine production can
improve islet transplant
outcome

9. Amyloid

Evaluate amyloid formation
in produced cell lines

Prevention of amyloid
formation in animal models of
islet transplantation

10. Large animal

Determine optimal transplant
site

Document long term survival
(>six months) of encapsulated
neonatal pig allotransplants

11. Encapsulation

Large scale production of
sterile capsules

Document long-term
durability and absence of
fibrosis

Year 4
The main goal of year four is to deliver a reproducible, functional islet graft for testing in
clinically relevant large animal models. The different subproject will merge according to
the respective results and success
Project

Milestone 7

Milestone 8

1. Ontogeny

Finishing comparison of
growth and differentiation
conditions established for the
mouse embryonic pancreas to
human embryonic cells
(common aim with
Differentiation project.)

Successful translation of year
1-3 knowledge into beneficial
modification of culture and
differentiation conditions for
human exocrine excess
material from islet isolates
(common aim with adult
progenitor project)

2. Progenitor

Apply ex vivo generation of
islet cell from progenitor cells
in clinical islet transplantation

Achievement of 1:1
donor:recipient ratio to
achieve insulin-independence
in clinical islet transplantation
through enrichment with ex
vivo generated islet cells
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Project

Milestone 7

Milestone 8

3. Proliferation

Show long-term graft function Transplant encapsulated islet
of islet cell line grafts in
cell line grafts into nonrodents
human primates

4. Differentiation

Final definition and clinical
grade production of optimal
proliferation and
differentiation media

Apply new culture media in
clinical islet transplantation

5. F-Macrophage

GLP/GMP grade generation
of human BDIPC

Full characterization of large
scale generated GLP/GMP
grade human BDIPC

6. Vector

GLP/GMP grade production
of Lentiviral vectors

Validation of GLP/GMP
grade Lentiviral vectors

7. Cell Characterization Detailed metabolic evaluation
of encapsulated cell lines

Detailed metabolic evaluation
of retrieved encapsulated cell
line grafts

8. Immunology

Proof of benefit of cytokine
modulation in the treatment
of type II diabetes

Application of cytokine
modulation in clinical islet
transplantation

9. Amyloid

Phase I trial of amyloid
preventing medications

Documentation of safety of
amyloid preventing drugs

10. Large animal

Establish non-human primate
models for capsule
transplantation

Characterize viability, cell
composition, function of
encapsulated islet cell line
grafts in non-human primates

11. Encapsulation

GLP and GMP grade
encapsulation

Document stability and
absence of fibrosis
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Year 5
By the end of year four we expect to have identified the optimal cell sources and to have
established various cell lines for clinical testing. We can also expect that the
Immunology Project will have identified strategies to improve engraftment and reduce
cell loss after transplantation.
Good laboratory and good manufacturing practice conditions must have been
met for the production of islet replacement cells, the Lentiviral vectors (if not replaced
by defined culture condition leading to creation of cell line), the encapsulation process
and the safety of the graft must have been documented in year 4, before phase I safety
trials can be initiated. GLP-GMP culture conditions of immortalized cell line must be
established and up-scaled to provide sufficient quantities for clinical trials of
encapsulated islet cell line transplantation.
In year five of the Chicago Project, phase I clinical trials with encapsulated islet
cell line transplants will start in diabetic patients.
It is likely that the first phase I trial will be a simple subcutaneous implantation of
a limited, non-therapeutic dose of encapsulated islet cell line grafts allowing for
retrieving the graft to investigate the host immune response, the stability of the capsule,
the cells and accumulate safety data.
During this trial, the Milestone 9, at 4.5 years of the Chicago Project, must be met, which
is demonstration that encapsulated islet cell grafts can survive in a human recipient.
The second phase I trial, depending on the outcome of the first clinical trial, will
aim at a therapeutic encapsulated islet cell line graft with possibly initial
immunosuppression.
The Milestone 10 and final goal of the Chicago Project is to demonstrate that an
encapsulated islet cell line graft can safely reverse diabetes in a diabetic patient over a
period of at least six months.
The proof of concept will allow for further development beyond the Chicago
Project and allow for widespread clinical application of encapsulated cell line
transplantation for the treatment of diabetes.
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The participants and collaborators of the Chicago Project

Program Coordinator
José Oberholzer
José earned his MD at the University of Zurich in
Switzerland in 1992. He trained as general and transplant
Surgeon in Zurich and in Geneva. From 1996 to 1998 he
was a post-doctoral fellow in islet research in the
Division of Surgical Research at the University of Geneva
in Switzerland. From 1998 to 2002 he was the Director of
the Islet Laboratory at the University of Geneva and the
GRAGIL islet consortium. He was also the Site Principal
Investigator in the first multicenter trial for islet
transplantation led by the Immune Tolerance Network.
From 2002 to 2003 he was a clinical and research fellow
in the transplant program at the University of Alberta in
Edmonton.
Today, José is an Associate Professor of Surgery
and Bioengineering at the University of Illinois at Chicago
and the Director for Cell and Pancreas Transplantation
and the Cell Isolation Laboratory. José has been
extensively involved in basic research of islet cell biology
and immunology, and has trained numerous fellows in the technology of isolating
human islets.
His research focused on strategies to overcome the assaults of the immunsystem
when transplanting islets by testing new immunosuppressive strategies and testing
encapsulation in animal models. He worked also intensively on the immortalization of
primary, differentiated human ß-cells as a possible strategy to create an unlimited
source of insulin producing human cells. His expertise in clinical islet transplantation
and his broad collaborations in the field of ß-cell physiology will support and help guide
the search for a clinical applicable cell-based therapy for diabetes.
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Gillian M. Beattie
Gillian M. Beattie was born in Australia. Gillian has a B.Sc. in Biochemistry/Biology.
She has been working for two decades at the
University of California, Department of Pediatrics, San
Diego, La Jolla California were she is the driving force
in The Whittier’s Islet Cell Research Laboratory aiming
at establishing unlimited sources of insulin-producing
cells.
Gillian is one of the most experience biologist in
the field of ß-cell lines world-wide. She has been
working for many years on the immortalization of
differentiated human beta-cells and the differentiation
of fetal islet cells. She has extensive expertise in the
development of islet-cell lines and in the more recent
year has been working on human embryonic stem
cells. Gillian’s knowledge will be crucial for the
successful establishment of human cell lines that could
be used for operationally curing diabetes.

David Hunkeler
David Hunkeler was born in Canada. He received
his PhD in 1990 in Acrylic Water Soluble Polymers at
McMaster, Canada. From 1991 to 1996 he was an
Assistant Professor of Chemical Engineering,
Materials Science and Technology Management, at
Vanderbilt University, in Nashville, TN. He has
written seven books, including one about each
parent, about 100 poems and one children’s story. He
co-founded the Nasa sponsored encapsulation project
with T. Wang and gained extensive experience and
expertise in the field of microencapsulating and
developed a new capsule system which could protect
transplanted islet from the assaults of the immunesystem and against recurrence of diabetes. From 1996
to 01 he was Professor of Chemistry and Chemical
Engineering, at the poly-technical school ETZLausanne, one of world-leading engineering schools.
Currently, David is the General Director of
AQUA+TECH Specialties SA in Geneva. His field of
expertise is purification of alginate, which is the most important component for
microcapsules and he has very broad knowledge in all aspect of capsule technology to
protect cells from the immune-system. He has been honored with Swiss young
entrepreneur of the year, the Wall St. Journal innovation award for technology, and its
bronze medal for business innovation. He was also on the Nobel prize nominating
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committee. He has patents in the area of environmental and pharmaceutical
biotechnology, as well as controlled drug delivery. His contribution will be essential for
the protection of the cells, once they have been transplanted.

Gil Leibowitzs
Gil Leibowitzs received his M.D. in 1982 in Israel. He is
currently employed at Hadassah University Hospital,
Jerusalem as attending physician in the Department of
Endocrinology and performing research with human
stem cell.
Gil has expertise both in clinical and basic
diabetes research. He received postgraduate training at
the University of California in San Diego, La Jolla, Ca.
Gil has investigated the regulation of glucose-stimulated
insulin production and secretion in normal islets and
animal models of diabetes and searched for strategies to
render ß-cell more resistant against the toxic effects of
chronic hyperglycemia. Gil is an expert in ß-cell
physiology.
Gil’s experience as clinical diabetologist and basic
researcher is very valuable and his models of diabetes
and past experience with ß-cells will surely have a great
impact on the Chicago Project for an operational cure for
diabetes.

Marc Yves Donath
Marc Yves Donath received his M.D. form University of
Zurich, Medical School in Switzerland.
From 1991 to 1993 he was a research Fellow at the
Institute of Cell Biology at the Swiss Federal Institute of
Technology (ETH, the polytechnical school where Albert
Einstein trained and failed his first year examination) in
Zurich, Switzerland. Marc performed a postgraduate
research fellowship in experimental diabetology at the
Hadassah University Hospital in Jerusalem in Israel from
1996 to 98.
He is currently a Professor of Medicine at the
Division of Endocrinology and Diabetes, Department of
Medicine, University Hospital, Zurich, Switzerland.
Dr. Donath discovered that type II diabetes is not so different form type I diabetes
and has developed mean to make ß-cell more resistant against the injuries observed in
the development of diabetes. Moreover, he discovered ways to make ß-cell proliferate
instead of undergoing cell death when exposed to the stresses commonly found in the
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early stages of diabetes. His research finding are likely to be relevant to any kind of cell
therapy for diabetes.

Julie Kerr-Conte Pattou
Julie Kerr-Conte Pattou received her Bachelor of Science in
Biology at State University of New York at Albany, New
York, and her Master of Science in Physiological Chemistry
at University of Wisconsin at Madison, Wisconsin. After
setting up an experimental surgery lab with a French
transplant surgeon in Strasbourg, Julie met her future
French husband Francois Pattou, an endocrine surgeon
from Lille, and finished her PhD in biology at the
University of Lille 1 in France.
Julie and Francois set up a lab for the cell therapy of
Diabetes in 1993 at the University Hospital of Lille in France
focusing on clinical islet transplantation including a
preclinical autograft model in minipig and creating human
ß-cells from precursor cells located within the pancreas of
adults. In the lab, Julie is responsable for the clinical islet
isolation (three patients grafted with 11 preparations
preEdmonton technique, and nine patients have been
grafted with 21 preparations since March 2003 with the
Edmonton technique). She was the first to discover in man
that the cells lining the pancreatic ducts (channels within the pancreas) contain cells that
can be transformed into insulin producing cells. Her discovery has created a complete
new field of research in diabetes. Her knowledge of how to transform the so-called
ductal cells into ß-cells will be a determining factor for any ß-cell line to maintain their
state of differentiation.
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Patrick Salmon
Patrick is a Pharmaceutical Doctor from Rene Descartes
University in Paris. He received his PhD in Immunology at
the Pierre & Marie Curie University, in Paris in 1991,
studying HIV-CD4 interactions. From 1993 to 1997, he
studied T cell development, gene expression and signal
transduction as a Postdoctoral Research Fellow, in the
Division of Immunology, Department of Molecular & Cell
Biology, at the University of California Berkeley, CA.
In 1997, he joined the group of Didier Trono in
Geneva, to apply his multi-faceted experience to the
development of lentiviral vectors and use them as novel
and powerful tools to permanently introduce therapeutic
genes into human cells. He also developed a system using
Lentiviral vectors to generate reversibly immortalized
human cells from various tissues, for cell therapy and
biological studies.
Currently, Patrick is supervising the Lentiviral Vector Production Unit (LVPU) at
the Geneva School of Medicine in Switzerland, whose goal is to provide pre-clinical
batches of lentiviral vectors to the scientific community and thus pave the way for the
future use of lentiviral vectors in human medicine. He is an expert in the design and
production of lentiviral vectors for in vivo and ex vivo gene therapy.
This platform will be a crucial asset for all molecular approaches for creating a human ßcell line, which may be ultimately used in humans.

Cameron Bruce Verchere
Bruce got his PhD at the University of British Columbia in
Vancouver in 1991. From 91 to 1996 he was a Post-Doctoral
Fellow in the Department of Medicine, Division of
Endocrinology and Metabolism, at the University of
Washington and VA Medical Center, in Seattle, WA. In
1997 he completed a post-Doctoral Fellowship in the
Laboratoires de Recherche Louis Jeantet, at the University
of Geneva in Switzerland.
Today, Bruce is an Associate Professor in the
Department of Pathology and Laboratory Medicine,
Faculty of Medicine, at the University of British Columbia,
BC Research Institute for Children’s & Women’s Health.
Bruce research focus is on islet amyloid and he has
gained world renown expertise in this field. Amyloid is
found on islets of diabetic patients and is likely to have a
role in the disease progression of diabetes. When
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transplanting cells into diabetic patient, amyloid may impact the survival and function
of the cells. Bruce’s expertise on the role of amyloid in diabetes will help finding
strategies to prevent amyloid formation and strategies to protect the islets from failing.

Gregory Stephen Korbutt
Gregory earned his PhD at the Vrije University in Brussel,
Belgium in 1994. From 1994 to 97 he a Postdoctoral Fellow
in the Surgical-Medical Research Institute at the
University of Alberta in Edmonton, Canada. Today,
Gregory is an associate Professor in the Department of
Surgery of the University of Alberta in Edmonton and CoDirector of the Islet Isolation and Transplantation Core
Laboratory at the JDRF Diabetes Research Network.
Gregory is an expert in islet morphology and
physiology. Moreover, he has large experience in the field
of islet xenotransplantation and has developed technique
to isolate newborn pig islets and differentiate them into
fully functional islet capable of curing diabetic pigs. He
also developed technique to transplant islets with Sertoli
cells, which can protect the islet graft form being attacked
by the immunesystem. Although xenotransplantation of pig islets into human is
discussed controversially, this approach may be the most direct way to make islet
transplantation available to a larger number of diabetic patients and Gregory’s research
work is solid and based on year long research. The lessons learned from his experiment
will be important to the Chicago Project regardless of the type of cell that will be used in
the future.

Yong Zhao
Yong received his MD in 1990 at the Weifang Medical
College in Shandong, China. He earned his PhD in
Immunology at the Shanghai Second Military Medical School
in the year 2000. From 2000 to 2004 he worked as postdoctoral fellow at the Argonne National Laboratory, Illinois.
He joined the UIC recently as Assistant Professor in the
Division of Diabetes and Metabolism.
Yong has discovered that ß-cell have characteristic in
common with some special immune system (macrophages)
and that on the other hand this immune cells can be
transformed into ß-cells.
The further development of his research is indicating that
human ß-cells may could be produced from the bodies own
blood cells. This ground breaking discovery has opened
completely new perspectives for the development of cell based therapies for diabetes.
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Jan Jensen
Jan earned his PhD in developmental biology in 1998 at the Hagedorn Research
Institute in Denmark, which is an independent research
component of Novo-Nordisk. Jan’s PhD thesis focused on
the developmental biology of insulin producing cells.
Since 2001, Jan is an Assistant Professor at the Barbara
Davis Center for Childhood Diabetes at the University of
Colorado, where he now heads a group focusing on islet
cell development.
Jan has a profound understanding of the
development of the pancreas and in particular the islet
cells producing insulin. This knowledge has allowed him
for developing instruments to transform certain cell type
within the pancreas into insulin producing cells. Jan’s
work has dissected the molecular mechanisms leading to
the development of ß-cells and identified an number of
key players in the gene machinery of cells that lead
ultimately into their differentiation into insulin producing
cells. He is presently using large-scale bioinformatics to
identify novel genes of importance to pancreatic development. Jan is a current member
of the NIH sponsored b-cell biology consortium (BCBC), and has recently published an
in depth review on the genes critical to pancreatic development. His observations will be
instrumental for the development of fully differentiated ß-cells, i.e. making sure that the
cells being developed are truly capable of producing insulin in an appropriate way and
in sufficient quantity.
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The Five-year Budget
1. The Ontogeny project
Leader: Jan Jensen, PhD, University of Colorado, Denver, USA
Year
1
2
3
4
5
Grand-Total

Personnel
1440000
1440000
1440000
1440000
1440000
7200000

Materiel/Supplies
1475000
1225000
1225000
1225000
1225000
6375000

Total
2915000
2665000
2665000
2665000
2665000
13575000

2. The Progenitor Project
Leader: July Kerr-Conte, PhD, University of Lille, France
Co-Leader: Gregory Korbutt, PhD, University of Alberta, Edmonton, Canada
Year
1
2
3
4
5
Grand-Total

Personnel
170000
170000
170000
170000
170000
850000

Materiel/Supplies
260000
260000
260000
260000
260000
1300000

Total
430000
430000
430000
430000
430000
2150000

3. Proliferation Project
Leader: José Oberholzer, MD, University of Illinois at Chicago, USA
Year
1
2
3
4
5
Grand-Total

Personnel
240000
300000
300000
300000
300000
1440000

Materiel/Supplies
1200000
1600000
1600000
1600000
1600000
7600000

Total
1440000
1900000
1900000
1900000
1900000
9040000
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4. The Differentiation Project
Leader: Gillian Beattie, University of California, San Diego, USA
Collaborator: Sheng Ding, PhD, The Scripps Research Institute, San Diego, USA
Year
1
2
3
4
5
Grand-Total

Personnel
195000
195000
110000
110000
110000
720000

Materiel/Supplies
300000
300000
300000
100000
100000
1100000

Total
495000
495000
410000
210000
210000
1820000

5. The F-Macrophage Project
Leader: Yung Zhao, MD, PhD, University of Illinois at Chicago, USA
Year
1
2
3
4
5
Grand-Total

Personnel
100000
100000
150000
200000
200000
750000

Materiel/Supplies
150000
150000
160000
200000
250000
910000

Total
250000
250000
310000
400000
450000
1660000

6. The Vector Project
Leader: Patrick Salmon, PhD, University of Geneva, Switzerland
Year
1
2
3
4
5
Grand-Total

Personnel
1010000
1010000
1010000
1010000
1010000
5050000

Materiel/Supplies
1830000
830000
830000
830000
830000
5150000

Total
2840000
1840000
1840000
1840000
1840000
10200000
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7. The Cell Characterization Project
Leader: Gil Leibowitz, MD, Hadassah Hebrew University Hospital, Jerusalem, Israel
Year
1
2
3
4
5
Grand-Total

Personnel
100000
100000
100000
150000
150000
600000

Materiel/Supplies
150000
150000
150000
200000
200000
850000

Total
250000
250000
250000
350000
350000
1450000

8. The Immunology Project
Leader: Marc Donath, MD, University of Zurich, Switzerland
Year
1
2
3
4
5
Grand-Total

Personnel
940000
940000
940000
940000
940000
4700000

Materiel/Supplies
1800000
1800000
1800000
1800000
1800000
9000000

Total
2740000
2740000
2740000
2740000
2740000
13700000

9. The Amyloid Project
Leader: Bruce Verchere, University of British Columbia, Vancouver, Canada
Year
1
2
3
4
5
Grand-Total

Personnel
120000
120000
120000
120000
120000
600000

Materiel/Supplies
180000
180000
180000
180000
180000
900000

Total
300000
300000
300000
300000
300000
1500000
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10. The Large Animal Project
Leader: Gregory Korbutt, University of Alberta, Edmonton, Canada
Year
1
2
3
4
5
Grand-Total

Personnel
205000
205000
205000
205000
205000
1025000

Materiel/Supplies
245000
195000
145000
145000
145000
875000

Total
450000
400000
350000
350000
350000
1900000

11. The Encapsulation Project
Leader: David Hunkeler, PhD, Aquatech, Geneva, Switzerland
Year
1
2
3
4
5
Totals

Personnel
2,232,000
1,968,000
1,992,000
1,944,000
1,944,000
10,080,000

Materiel/Supplies
1,730,000
1,452,000
1,524,000
1,368,000
1,368,000
7,442,000

Total
3,962,000
3,420,000
3,516,000
3,312,000
3,312,000
17,522,000

Total Budget for the Chicago Project
Year
1
2
3
4
5
Total

Personnel
6,752,000
6,548,000
6,537,000
6,589,000
6,589,000
33,015,000

Materiel/Supplies
9,320,000
8,142,000
8,174,000
7,908,000
7,958,000
41,502,000

Total
16,072,000
14,690,000
14,711,000
14,497,000
14,547,000
74,517,000
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