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This is a critical point in time for the fields of pancreas and
islet transplantation. Despite improving short- and long-

term outcomes, the numbers of whole organ pancreas trans-
plants performed each year has fallen dramatically over the
last decade. Parallel improvements in islet transplant out-
comes, along with the imminent release of results of the multi-
center United States islet licensing trials, has the potential to
establish islet transplantation as the gold standard for care
of diabetic patients with severe hypoglycemic unawareness.
Countering these positive developments is the limited grant
funding available to gain further advances with islets and a
variety of competing technologies, including novel biome-
chanical insulin delivery devices and alternative β-cell replace-
ment strategies (xenogeneic islets, stem cell-derivedβ cells, and
endogenous β-cell regeneration) that all pose threats to tran-
splantation as a definitive therapy for type 1 diabetes.

Against this backdrop, the International Pancreas and Islet
Transplant Association (IPITA), in collaboration with the
Transplantation Society (TTS), held a scientific workshop
in Oxford, England, 2014, to review the current status and
needed research agenda of 8 current or nascentβ-cell replace-
ment therapies: whole organ pancreas transplantation, iso-
lated islet transplantation, artificial pancreas (AP), immunological
tolerance, xenotransplantation, encapsulation technologies,
β-cell regeneration, and stem cell-derived β cells. Thirty-two
scientists and clinicians representing 4 continents, 7 countries,
and 29 institutions, with dedicated expertise in these areas
were recruited to participate in 8 topical workgroups along
with representatives of the National Institutes of Health (Na-
tional Institute of Diabetes and Digestive and Kidney Dis-
ease, National Institute of Allergy and Infectious Disease),
Diabetes Research and Wellness Foundation, the Juvenile Di-
abetes Research Foundation (JDRF), and industry. In advance
of the meeting, the workgroups prepared summaries of their
respective topic highlighting the state of their field and the re-
search agenda needed tomove the therapy forward to optimal
clinical application. Presentation and full group discussion at
the meeting generated revised summaries in 8 sections that are
presented in detail in Transplantation1 with full background,
discussion of the state of the field, obstacles to application,
and the needed research agenda. Presented below is an execu-
tive summary of that full report with emphasis on current sta-
tus, obstacles to application, and the needed research agenda.

ALLOGENEIC PANCREAS TRANSPLANTATION
Pancreas transplantation has been available as a cure

for diabetes since its first application in 1966 and remains
the gold standard. Because of the risks of the procedure and
Copyright © 2016 Wolters Kluwer
associated immunosuppression, it has been applied mostly
in patients already obligated to immunosuppression, such
as those receiving or who have received a renal transplant.
For those type 1 diabetic patients for whom immunosuppres-
sion would otherwise not be needed, solitary pancreas trans-
plants have been largely reserved for patients with brittle
diabetes and hypoglycemic unawareness despite optimal
medical therapy. Recent registry data indicate improving
graft and patient survivals over the last decade, yet, unlike
the growth in pancreas transplantation in some European
countries, during the same period, the number of pancreas
transplant cases in the United States has decreased by 35%
since the year 2003. The reasons for the decline in the United
States are incompletely understood, but reduced candidate list-
ing and decreased utilization of donor organ pancreases are ev-
ident. Declining activity was temporally associated with data
suggesting limited survival benefit2 and better outcomes with
islet transplantation.3 Likely also contributing is an ever-
expanding regulatory environment in the United States that
penalizes center utilization of marginal organs. In contrast to
the recent fall in whole organ pancreas activity in the United
States, European countries and Australia have successfully ex-
panded pancreas utilization by adoption of regional policies
on pancreas/islet allocation, details of surgical procurement
technique, and data-driven selection of preservation solution.

Summary of Research Priorities

(1) Need for systematic, comprehensive documentation of
pancreas transplant outcomes worldwide. Rigorous study of
pancreas transplant outcomes and novel interventions is im-
peded by lack of standardized outcomemeasures. A consistent
definition of success is required; is it insulin independence,
freedom from hypoglycemia with partial function, reduced
secondary complications with partial function, improved A1c
versus baseline, or merely detectable C-peptide? The answer is
essential for progress in the field.
(2) Develop carefully designed, well-controlled clinical trials
that define the impact of pancreas transplantation on mortal-
ity and secondary complications, particularly renal function.
The field appeared to have been hurt by data questioning the
survival benefit of pancreas after kidney and pancreas trans-
plant alone (PTA). With improved results, better immunosup-
pression and monitoring, new carefully designed analyses to
assess life-saving benefit, and impact on secondary complica-
tions might define recipient subjects in which a significant sur-
vival benefit is expected.
(3) The greatest obstacle to growth of pancreas transplanta-
tion is low organ utilization rates. Preservation strategies
leading to improved early graft survival and function with
greater utilization of poorer quality organs is needed. Fear
 Health, Inc. All rights reserved.
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of graft failure from marginal organ use impairs organ uti-
lization and limits the number of transplants performed.
Exploration of new modalities to improve organ function
pretransplant, perhaps through better preservation, oxygen-
ation or oxygenated normothermic, or subnormothermic ex
vivo perfusion are vital. Also essential is to promote a change
in culture to one that does not penalize programs pushing the
frontiers of marginal organ use and rather focuses on patient
longevity and quality of life benefit.
(4) Concern about new onset and recurrent renal dysfunction
markedly limits growth of pancreas transplantation. In the
setting of PTA transplantation, a major impediment is risk of
further compromising the renal function of a patient with
longstanding diabetes. Clinical trials are desperately needed to
define non-nephrotoxic immunosuppression regimens that will
allow transplantation of brittle type 1 diabeticswith a pancreas.
(5)Detailed clinical studies verifying the risk of recurrent disease
are needed to exclude other causes such as β-cell exhaustion and
alloimmune injury. Chronic pancreas graft failure often occurs
without definitive pathologic diagnosis. Differentiating recurrent
autoimmunity from alloimmunity and other causes of endocrine
failure will require improved diagnostic approaches; novel im-
mune and molecular monitoring, autoreactive cell assays,
and proximal duodenal-enteric anastomosis to facilitate endo-
scopic biopsy of the graft duodenal mucosa are all of interest.
(6) Two parallel randomized trials of whole organ pancreas
versus isolated islet transplantation are recommended: (a) si-
multaneous kidney pancreas versus simultaneous islet kidney,
and (b) PTA and pancreas after kidney vs islet transplant alone
and islet after kidney versus best medical therapy. At some
point, the question of relative superiority of pancreas versus
islet transplantation will be called because a struggle for the
best organs is inevitable. In addition, a comparison of best
medical therapy versus pancreas and islets will help convince
diabetologists of the benefits of transplantation for patients
with the most labile disease.

ISLETALLOTRANSPLANTATION
Over the last 10 years, islet allotransplantation has evolved

into an established treatment modality for subjects with
type 1 diabetes complicated by hypoglycemia unawareness,
and the procedure is currently reimbursed for this indica-
tion in several countries. At present, the primary goal of
islet transplantation should be optimal glycemic control
without severe hypoglycemia rather than insulin inde-
pendence. Thiswill achieve diabetes-risk reductionwhilemin-
imizing the cost and procedural and immunological risk
incurred with multiple islet infusions from different donors.
As in pancreas transplantation, a standardized approach to
evaluation of clinical outcomes will be essential for further
developments in β-cell replacement. A recently completed
multicenter United States prospective phase 3 study4 demon-
strated that: (1) islets can be manufactured reproducibly at
multiple sites using a commonmanufacturing process; (2) in-
dependence from exogenous insulin can be achieved in about
half of islet recipients at 1 year, with 1 or 2 islet infusions;
(3) glycemic control is excellent even when insulin indepen-
dence is not achieved; (4) hypoglycemia unawareness is
treated effectively by islet transplantation, with associated
freedomfrom severe hypoglycemic events. Islet allotransplan-
tation is also an acceptable therapy for patients with end-
stage renal failure and T1D, either simultaneous with or after
kidney transplantation.5

Because of the overall limited availability of human organ
donors, islet allotransplantation is unable to provide a cure
Copyright © 2016 Wolters Kluwer H
for all those affected with type 1 diabetes and thus will likely
remain indicated primarily for those already obligated to life-
long immunosuppression and those experiencing labile dis-
ease with life-threatening hypoglycemia.

Summary of Research Priorities

(1) Optimization of pancreas procurement, pancreas trans-
port, and development of targeted methods for islet isolation
to improve functional islet yield to permit routine single-
donor insulin independence. Like pancreas transplantation,
islet transplantation is limited by the availability of suitable or-
gans. Changes in allocation to allow sharing of the best do-
nors between islets and whole organ pancreas and isolation
advances with recombinant enzymes should benefit yield
and increase the likelihood of success using single donors.
(2) Standardization of definition of released islet product to
enable accurate comparisons between centers and enable accu-
rate prediction of islet graft outcome. Interventions to improve
engrafted islet mass are essential to the goal of gaining single do-
nor success. To assess these interventions, a standardization of
the nature and quality of the transplanted product is needed.
(3) Development of novel strategies for islet preconditioning
to improve islet engraftment and islet graft longevity. The
pretransplant in vitro culture period is an opportunity for islet
modification that has not yet been fully exploited. Strategies to
reduce immunogenicity and protect islets from ischemia and
immediate blood islet inflammatory response (IBMIR) injury
are poised for translational assessment.
(4) Definition of suitable alternative anatomical sites for islet
implantation. Embolization of islets into the liver via the por-
tal system has been the only routinely successful transplant site
to date but has a number of deficiencies including damage
of islets by IBMIR, suboptimal site for biopsy, low pO2, and
risk of thrombosis. An ideal site should be accessible for safe
biopsy and noninvasive imaging, manipulability to promote
vascularization, and oxygenation.
(5) Strategies tominimize or eliminate the need for immunosup-
pression, enabling the ultimate goal of islet allotransplantation
to be reached, that is, islet transplantation in children. The uni-
versal requirement for immunosuppression precludes applica-
tion of islet transplantation to the average person with diabetes.
Recent advances in solid organ transplantation have demon-
strated the feasibility of tolerance. These protocols might be
readily applied to people with diabetes undergoing simultaneous
kidney-islet transplant and once success is proven in adults,
application to pediatric patients should be considered.
ISLET XENOTRANSPLANTATION
Islet allotransplantation will never supply sufficient islets

for the treatment of the many millions of patients with
diabetes. However, the improving human islet allotransplant
efficacy and safety outcomes have inspired investigators to
seek more widely available cell-based diabetes therapies. Pre-
clinical safety and efficacy data obtained in the last 10 years
in the stringent pig-to-nonhuman primate islet transplant set-
ting,6-17 and preliminary safety data obtained in recent pilot
clinical trials,18 suggest that xenogeneic pig islets can possibly
be developed into an islet β-cell replacement therapy with
broad applicability.6-11,14-17 Collectively, the recent results re-
veal the potential impact of genetic modification of the xeno-
geneic islet donor and offer promise that an unlimited source
of transplantable β cells may be possible.

However, several hurdles remain to be overcome. (1) The
IBMIR is more problematic in islet xenotransplantation,
ealth, Inc. All rights reserved.
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(2) there is a need for a safe and effective antirejection strat-
egy that achieves sustained graft survival, and 3) it will be
necessary to demonstrate that porcine-derived islets can be
produced in a cost-effective manner. However, the pace of
progress is clearly accelerating in this area of study and
should only be augmented by recent genome-editing approa-
ches that enable multiple genetic modifications to be made
to the pig that will reduce IBMIR and immunogenicity.

The transplantation of adult “naked” islets (ie, not encapsu-
lated) has maintained normoglycemia in immunosuppressed
diabetic monkeys for periods well in excess of 1 year,8,14,15

suggesting that consistent success will soon be achieved, war-
ranting clinical trials. There is evidence that when islets are
isolated from genetically engineered pigs, immunosuppres-
sive therapy can be reduced (Park C-G, Cooper DKC, unpub-
lished data). Furthermore, neonatal pig islet transplants may
have some advantages over islets from adult pigs, and their
transplantation into diabetic monkeys has also been associ-
ated with encouraging results.6,7,10-12

An alternative approach is the encapsulation of islets in an
attempt to protect them from the recipient immune response
without the need for exogenous immunosuppressive ther-
apy.19 Macroencapsulation of adult porcine islets in alginate
and their transplantation into abdominal subcutaneous tissue
as an islet monolayer on an acellular collagen matrix in a
macrodevice maintained fasting blood glucose levels less than
150 mg/dL for 20 to 28 weeks in 5 streptozotocin-induced
diabetic, nonimmunosuppressed cynomolgus monkeys.16 Co-
encapsulation of islets with mesenchymal stem cells slightly
improved oxygenation and neoangiogenesis of subcutaneously
placed implants and maintained fasting blood glucose levels
in the near-normal range for up to 32 weeks, but did not sub-
stantially improve or prolong islet xenograft function.17

Summary of Research Priorities

(1) Prevention of IBMIR. This will require a multifaceted
approach, including the transplantation of islets from pigs
specifically genetically engineered to protect the islets from
IBMIR, with additional therapy targeting coagulation, com-
plement, inflammatory cytokines/chemokines and granulocytes-
monocytes. The IBMIR is a major obstacle to engraftment of
intraportal porcine islet xenografts in primates20; it is trig-
gered by contact of isolated islets with blood and causes islet
destruction by complement and coagulation activation prod-
ucts and other inflammatory mediators released by recruited
neutrophils and monocytes.21-24 Genetic engineering of donor
pigs can mitigate IBMIR to intraportally transplanted pig is-
lets.11,25 The IBMIR was minimal, and intravascular clotting
was not observed in baboons after transplantation of neonatal
islet-like cell clusters from αGal-deficient porcine donors trans-
genic for the human complement regulators CD55 and CD59.
(2) Development of effective and clinically acceptable antire-
jection regimens. An important current focus is on targeting
CD40-CD154 interactions with anti-CD40 monoclonal anti-
bodies. Also of interest are encapsulation approaches to fur-
ther blunt the indirect pathway cell-mediated response.
ISLET ENCAPSULATION—AN ONGOING
DEVELOPMENT CHALLENGE

Over 40 years of islet encapsulation researchhas failed to pro-
vide an approved clinical product despite many encapsulation
approaches and efforts, including several clinical trials. This
IPITA effort is critical to focus on future research goals and
Copyright © 2016 Wolters Kluwer
objectives that have the promise to achieve a successful clini-
cal encapsulated islet product in as short a time as possible. A
major review of encapsulated islet studies has recently been
published.26,27 Two major problems have impeded success:
loss of membrane exclusivity or permeability over time due
to capsule breakdown or a fibrotic reaction to foreign cap-
sule material or the foreign cells they house, respectively.
The second obstacle is the indirect immune response inwhich
shed graft antigens pass through the capsule and elicit an im-
mune response in the host; this problem appears to be of
much greater magnitude in the setting of xenotransplanta-
tion compared with allotransplantation. Another hurdle yet
to be confronted is whether normal glycemic control can be
achieved given the altered insulin and glucose kinetics im-
posed by the capsule barrier. Equally important is defining
a safe and hospitable site with an adequate pO2 to harbor a
potentially large volume of capsules.

Despite numerous unsuccessful attempts of the past, en-
thusiasm for this line of investigation remains high and con-
tinues to be a focus of industry and foundation support.
This fact is highlighted by a recent major initiative by the
JDRF, in collaboration with the Helmsley Foundation, to de-
velop a consortium to explore new encapsulation materials
and novel device design in basic and translational studies.

Summary of Research Priorities

(1)Conduct a preliminary trial of alginate encapsulated islet al-
lotransplantation with a short course or low-dose immuno-
suppressive therapy. Type 1 diabetics who have already
received a renal transplant would be candidates since already
obligated to chronic immunosuppressive therapy.
(2) Development of improved biocompatible encapsulation
materials and capsule designs. Many factors may influence
the host response to capsules, including contaminants found
in alginates, as well as capsule size and design. Conversely,
anti-inflammatory, pre-angiogenic or lymphorepulsive addi-
tions (such as CXCL12) may aid in eliminating the host re-
sponse to the capsule.
(3) Define new approaches to gain oxygen delivery to encap-
sulated islets to improve both early engraftment and long-term
survival. Accumulating evidence suggests that encapsulated islet
hypoxemia may be a major deterrent to graft survival. De-
vices incorporating O2 delivery to the graft have shown
promising early results.
(4)Define optimal transplant sites that have adequate capacity/
surface area and that circumvent the difficulties of the intra-
portal and intraperitoneal sites. Depending on capsule size
and design, the number of islets required, and the number
of islets per capsule, the volume of the graft may be quite
large (up to a liter for 1 million islets in large capsules). Strat-
egies that minimize graft volume may allowmore options for
acceptable sites.
APAND INSULIN DELIVERY SYSTEMS
Current technology has shown that an AP is able improve

average glycemic control and simultaneously reduce moder-
ate hypoglycemia; thus it is likely but untested that an AP
would be able to prevent severe hypoglycemia known to
cause seizures or loss of consciousness. Ongoing AP trials
aim to reduce mild hypoglycemia sufficiently to allow consis-
tent restoration of hypoglycemia awareness with similar effi-
cacy to the results of current studies of islet transplantation.
There are still technological problems, such as accuracy of
 Health, Inc. All rights reserved.
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the glucose sensor, network connectivity between the devices
comprising the AP system, and reliability of the insulin pump.
Most of these problems are currently being mitigated by al-
gorithm development and technology improvements, such
as the vast new processor power of mobile smartphone de-
vices. These technological developments are likely to bring
the AP to mainstream use in the not too distant future.28-30

Summary of Research Priorities

(1) Assessment of state of the art AP technology with stan-
dardized measures of glycemic lability and hypoglycemic se-
verity. Rigorous assessment of the technology is required in
long-term studies to determine the comparability of glycemic
control to biologic β-cell replacement; outcome measures
standardized for recent islet transplant trials are potentially
applicable for this purpose.
(2) Full incorporation of consumer electronics (smart phone
technology) to allow remote monitoring/supervision, oppor-
tunity for frequent hardware and software updates and to ne-
gate the psychological stigma of in public pump use. This
feature is particularly valuable to the pediatric/adolescent pop-
ulation in which cell phone use is already commonplace and
where the potential for social embarrassment is great.
(3)Consider assessment of combined AP-islet transplant ther-
apy to address the limited islet supply and need for multiple
islet transplants and perhaps limit β-cell stress, thereby im-
proving islet performance and longevity. There is potential
for natural synergy between AP and allogeneic islets where
the islet mass from a single donor is often inadequate for a cu-
rative result. Combining AP and islets may allow the former
to deliver a large fraction of needed insulin and the latter to
provide exquisite fine tuning of glucose levels deliverable only
by biologic means.
IMMUNE TOLERANCE FOR ISLETAUTOIMMUNITY
AND ALLOIMMUNITY

There are no currently widely available, safe, and exten-
sively validated approaches for establishing tolerance for islet
transplantation in humans. Although a large number of ap-
proaches seem to be efficacious in rodent models, most have
failed to translate into success in primate or porcine large an-
imal models. Some success has been achieved in humans with
renal transplant protocols that require low-risk donors and
recipients, extensive immunosuppression, and components
of hematopoietic chimerism. Moving forward, there are sev-
eral principles to be taken into account. First, when assessing
tolerance for islets and because of the unique characteristics
of different immune responses (eg, memory, cross-reactivity,
number of reactive clones, and cells), it is very important to
separately measure and assess responses to autoantigens and
to alloantigens. Depending on future development, responses
to xenoantigens will also have to be separately addressed.
Second, to prospectively monitor recipients, it is important to
have measures not only of islet function and injury, but also
measures of immune reactivity and immune regulation. Third,
it is clear frommurine studies that there are many components
to immunity, and that tolerance is achieved only by targeting
the distinct arms of the immune response. Broadly speaking,
innate, and B-cell and T cell responses must be controlled to
induce and maintain tolerance. It is also clear that tolerance
is achieved not only by preventing these distinct responses
but also by generating regulatory phenomena. Fourth, it is
clear from murine studies that the most robust tolerance for
Copyright © 2016 Wolters Kluwer H
both autoimmunity and alloimmunity is achieved in proto-
cols that incorporate some form of hematopoietic stem cell
chimerism along with immune regulation.31,32 Chimerism
successfully prevents the B-cell and T cell components of
adaptive immunity while simultaneously generating a variety
of suppressor and regulatory mechanisms (eg, anergy, dele-
tion, suppressor cells).33

Summary of Research Priorities

(1) The recent success of chimeric tolerance in renal transplan-
tation potentially sets the stage for application to islets. The
use of protocols with high-level donor chimerism may simul-
taneously achieve allotolerance and rid the host of their native
autoimmune-prone T cell repertoire. Currently, however, the
conditioning regimens in these first-generation trials are too
intensive and carry an unacceptable risk profile to justify ap-
plication to nonuremic type 1 diabetics. An interesting first
step would be trial of tolerance induction in combined kidney-
islet transplants in uremic diabetics.
(2) Costimulation blockade with simultaneous targeting of
CD28-B7 and CD40-CD154 remains a scientifically attractive
approach.A less toxic nonablative approach would represent a
major advance. New CD40 targeting agents in conjunction
with the recently approved anti-B7 agent, belatacept, may per-
mit such testing in the near future.
(3) Trial of innovative regulatory cell-based approaches is also
attractive in that it may be possible to interrupt in parallel au-
toimmunity and alloimmunity with precise antigen specificity.
Separate Treg trials are in progress in allotransplantation and
in autoimmunity, including for type 1 diabetes. The results
of these trials could set the stage for an islet trial in type 1 di-
abetes targeting both allo and autoimmunity.

STEM CELLS AS A SOURCE FOR b CELLS
To overcome the supply limitations of currently available

therapies from deceased organ donors, research efforts have
focused intensively on generating functional β cells or endo-
crine cell clusters from stem cells. A variety of stem cell types
have been considered as potential future sources of trans-
plantable β cells, which include human pluripotent stem cells
(hPSCs), such as human embryonic stem cells and human-
induced pluripotent stem cells, mesenchymal stem cells gener-
ally isolated from bone marrow or cord blood, stem cells iso-
lated from adult tissues, or directly reprogrammed somatic
cells. Focus has been on PSC and reprogrammed somatic cell
sources. Although the concept of reprogramming somatic
cells directly into β-like cells is in its infancy, recent exciting
progress in the PSC field has led to refined protocols yield-
ing highly enriched populations of monohormonal insulin-
secreting cells and the initiation of pilot clinical trials.

The majority of research remains in the preclinical realm,
optimizing methods for the in vitro conversion of stem cells
or somatic cells to high-yield, functional cells that resemble
adult human islets/β cells. Given the complexity of the devel-
opmental processes scientists are trying tomimic, it is not sur-
prising that this has proven a difficult task. Nonetheless,
progress is occurring, and there is anticipation that physio-
logically normal adult β-like cells will be generated in the
near future. Even without achieving this in vitro milestone,
companies are moving ahead with pilot clinical trials. For ex-
ample, ViaCyte, Inc. (http://viacyte.com) has proposed a
phase I safety and dosage trial combining a human embry-
onic stem cell-derived pancreatic progenitor cell product
ealth, Inc. All rights reserved.
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delivered in a macroencapsulation device and transplanted
into type 1 diabetic recipients. Still, many unanswered ques-
tions need to be addressed and new technologies were de-
vised to support the responsible development of the field.

Summary of Research Priorities

(1) Recent reports highlight progress in achieving refined dif-
ferentiation protocols for driving hPSCs to β-like cells with im-
proved physiological function and greater capacity for more
rapid correction of diabetes in mice. However, further work
is needed to understand the reasons why these cells still do
not exhibit normal stimulus-secretion coupling or dynamic in-
sulin release in perfusion assays.
(2) Additional studies evaluating host allo- and autoimmune
responses to encapsulated and unencapsulated hPSC-derived
β cells, in both the syngeneic and allogeneic settings, are needed.
Because the initial stem cell-derived islets will be allogeneic, the
field would benefit by testing strategies incorporating new en-
capsulation technologies, novel cellular delivery methods and
sites, and innovative tissue engineering approaches.
(3) Further experimental work is needed to study the ability to
directly reprogram somatic cells into β-like cells and assess
their function in vitro and in animal models. Progress in this
area has also been thwarted by the fact that each individual-
ized cell line may have to go through a full regulatory process;
this has naturally discouraged industry and funding agency in-
terest if the work will not lead to a viable product.
(4) Teratoma formation is a key safety issue with regard to
the potential therapeutic application of hPSC-derived β cells.
Studies that define this risk and assays that better predict this
risk will advance the field. Preliminary testing will likely re-
quire monitoring and containment to mitigate risk; this may
render intraperitoneal delivery unacceptable.
b-CELL REGENERATION FROM PROLIFERATION
AND NEOGENESIS

There is a compelling need to identify sources of β cells
that can be used to replenish those that have been lost in dia-
betes. We consider the potential of the pancreas to regenerate
β cells that can reverse the diabetic state for type 1 and type 2
diabetic patients. There are reasons to be optimistic that new
β cells can be generated by proliferation of existing β cells
and by neogenesis, the production of new islet cells from
non-islet cells in the pancreas or other organs. The major
questions being addressed are whether β-cell replication can
be significantly enhanced and whether there are cells in the
endocrine pancreas or other organs that can serve as precur-
sors for the formation of new β cells.

Summary of Research Priorities

(1) Evidence has been presented that there is a slow rate of
β-cell turnover in the human adult pancreas, occurring from
replication of existing β cells and the birth of new β cells
through neogenesis. Basic research to understand how these
processes are regulated is essential for progress.
(2) There is also a slow rate of β-cell death in the adult human
pancreas occurring through apoptosis and necrosis. Under-
standing these, processes may give rise to new strategies to in-
crease the native β-cell mass.
(3)There is evidence that the rate of β-cell death is increased in
type 2 diabetes, and the contributing mechanisms are thought
to include endoplasmic reticulum stress, toxic amyloid olig-
omers, oxidative injury and the ill-defined processes of
Copyright © 2016 Wolters Kluwer He
overwork and glucose toxicity. Identification of agents that
mollify these processes could forestall disease progression.
SUMMARY
The research agenda we have detailed is designed to facil-

itate full exploration of the potential of each proposed β-cell
replacement solution so the optimal therapy is advanced
as quickly as possible. Success in this endeavor will require
broad and deep financial support from philanthropic (JDRF,
Diabetes Research and Wellness Foundation, American Dia-
betes Association, and so on) and public funding agencies
worldwide; the investment needed is large but the potential
reward will be monumental. It is imperative that high im-
pact, scientifically sound approaches are not overwhelmed
by industry, private, or venture capital-supported priorities
just because they hold a more lucrative near-term business
model; scientific merit should dictate the course. Reliance
on funding agencies that use traditional peer-reviewed meth-
odology will be the incubator of novel approaches.

Our assessment of the data presented creates the opportu-
nity for IPITA/TTS to endorse the following broad agenda
for specific support by the peer-reviewed agencies.

(1) Allogeneic islet engraftment, enhance graft longevity, and
ultimately gain immunosuppression-free survival in adult
and pediatric patients.
(2) Xenogeneic islet-based approaches with and without
encapsulation.
(3) Stem cell-based therapy.
(4) Regeneration-based therapy.
(5) Mobile device-based control of glucose sensing-insulin de-
livery: AP.

This is a rapidly evolving landscape and new data and
novel ideas may radically redirect the path forward. However,
the diverse recent progress is tangible and undeniable, and the
next decade is bound to witness a fascinating unfolding of
competing solutions to cure insulin-dependent diabetes.
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