SYMPOSIUM ON REGENERATIVE MEDICINE

From the Department of
Physiology and Biomedical
Engineering (AM.) and Divi-
sion of Endocrinology, Dia-
betes, Metabolism and

Nutrition (A.V.), Mayo Clinic,

Rochester, MN.

MAYO
CLINIC

@y

Regenerative Medicine in Diabetes

Aleksey Matveyenko, PhD, and Adnian Vella, MD

CME Activity

Target Audience: The target audience for Mayo Clinic Proceedings is primar-
ily interal medicine physicians and other clinicians who wish to advance
their current knowledge of clinical medicine and who wish to stay abreast
of advances in medical research.

Statement of Need: General intemists and primary care physicians must
maintain an extensive knowledge base on a wide variety of topics covering
all body systems as well as common and uncommon disorders. Mayo Clinic
Proceedings aims to leverage the expertise of its authors to help physicians
understand best practices in diagnosis and management of conditions
encountered in the clinical setting,

Accreditation: Mayo Clinic College of Medicine is accredited by the Accred-
itation Council for Continuing Medical Education to provide continuing med-
ical education for physicians.

Credit Statement: Mayo Clinic College of Medicine designates this journal-
based CME activity for a maximum of 1.0 AMA PRA Category | Credit(s).™
Physicians should claim only the credit commensurate with the extent of
their participation in the activity.

Learning Objectives: On completion of this article, you should be able to
(1) identify the characteristics of functional, mature B-cells, (2) differentiate
the various approaches being explored to generate cellular replacement
therapy for type | diabetes, and (3) assess the clinical utility of the current
efforts to provide B-cell replacement therapy.

Disclosures: As a provider accredited by ACCME, Mayo Clinic College of
Medicine (Mayo School of Continuous Professional Development) must
ensure balance, independence, objectivity, and scientific rigor in its educa-
tional activities. Course Director(s), Planning Committee members, Faculty,
and all others who are in a position to control the content of this educational
activity are required to disclose all relevant financial relationships with any
commercial interest related to the subject matter of the educational activity.

Safeguards against commercial bias have been put in place. Faculty also will

disclose any off-label and/or investigational use of pharmaceuticals or instru-

ments discussed in their presentation. Disclosure of this information will be

published in course materials so that those participants in the activity may

formulate their own judgments regarding the presentation.

In their editorial and administrative roles, William L. Lanier, Jr, MD, Terry L.

Jopke, Kimberty D. Sankey, and Nicki M. Smith, MPA, have control of the con-

tent of this program but have no relevant financial relationship(s) with industry.

Grant Support: This work was supported in part by grants DK98468 (AM.),

DK78646 (A\V.), and DK82396 (A.V.) from the National Institutes of Health.

Potential Competing Interests: Dr Vella has been a consultant for Genen-

tech, Inc.

Method of Participation: In order to claim credit, participants must com-

plete the following:

|. Read the activity.

2. Complete the online CME Test and Evaluation. Participants must achieve
a score of 80% on the CME Test. One retake is allowed.

Visit www.mayoclinicproceedings.com, select CME, and then select CME ar-

ticles to locate this article online to access the online process. On successful

completion of the online test and evaluation, you can instantly download and

print your certificate of credit.

Estimated Time: The estimated time to complete each article is approxi-

mately | hour.

Hardware/Software: PC or MAC with Intemet access.

Date of Release: 4/1/2015

Expiration Date: 3/31/2017 (Credit can no longer be offered after it has

passed the expiration date.)

Privacy Policy: http://www.mayoclinic.org/global/privacy.html

Questions? Contact dletcsupport@mayo.edu.

Abstract

Diabetes is a common multisystem disease that results in hyperglycemia due to a relative or absolute
insulin deficiency. Improved glycemic control decreases the risk of development and progression of
microvascular and, to a lesser extent, macrovascular complications and prevents symptomatic hypergly-
cemia. However, complex treatment regimens aimed at improving glycemic control are associated with an
increased incidence of hypoglycemia. On paper at least, cellular therapies arising from reprogramed stem
cells or other somatic cell types would provide ideal therapy for diabetes and the prevention of its
complications. This hypothesis has led to intensive efforts to grow B cells from various sources. In this
review, we provide an overview of B-cell development as well as the efforts reported to date in terms of
cellular therapy for diabetes. Engineering B-cell replacement therapy requires an understanding of how B
cells respond to other metabolites such as amino acids, free fatty acids, and ketones. Indeed, efforts thus
far have been characterized by an inability of cellular replacement products to adequately respond to
metabolites that normally couple the metabolic state to B-cell function and insulin secretion. Efforts to date
intended to capitalize on current knowledge of islet cell development and stimulus-secretion coupling of
the B cell are encouraging but as yet of little clinical relevance.
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iabetes mellitus is a common multi-
system disease that results in hyper-
glycemia due to a relative or absolute
insulin deficiency and arises from a complex
interaction between genes and the environment. '
The presence or absence of disease is defined by
hyperglycemia, the degree and duration of which

lead to microvascular complications such as
retinopathy, nephropathy, and neuropathy. Ab-
solute insulin deficiency is typically encountered
in immune-mediated or type 1 diabetes (T1DM)
in which an immune response results in destruc-
tion of P cells, the site of endogenous insulin pro-
duction. In contrast, in type 2 diabetes (T2DM),
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insulin deficiency, although due in part to loss of
functional responsive B cells, is not absolute but
relative to the impaired insulin signaling present
in this disorder.”

Improved glycemic control decreases the
risk of development and progression of the afore-
mentioned complications and prevents symp-
tomatic hyperglycemia. However, complex
treatment regimens aimed at improving glycemic
control are associated with an increased inci-
dence of hypoglycemia. Hypoglycemia is one
of the most serious complications of diabetes
treatment and can lead to severe neurocognitive
dysfunction and impairment of quality of life.
This problem has led to a quest for alternative
therapeutic strategies. On paper at least, cellular
therapies arising from reprogramed stem cells or
other somatic cell types would provide ideal
therapy for diabetes and its complications.

CLINICAL NEED
In TIDM, and to a lesser extent long-standing
T2DM, multiple daily injections of insulin are
needed to achieve good glycemic control, which
requires considerable commitment and resil-
ience on the part of the patient. Indeed,
achieving glycemic targets while avoiding hypo-
glycemia may be difficult for some. The most
feared complication associated with long-
standing T1DM is hypoglycemia unawareness,
which occurs when a defective counterregula-
tory response to hypoglycemia results in
frequent hypoglycemia with few prodromal
symptoms. As a consequence, affected patients
are at risk of cognitive dysfunction and hypogly-
cemic seizures and are often unable to work or
drive.>* To date, treatment has consisted of
whole-organ pancreas transplant or islet cell
transplant, which can restore endogenous insu-
lin secretion and improve microvascular com-
plications. However, these procedures expose
patients to both surgical complications and
the consequences of immunosuppression,
including opportunistic infections and the tox-
icities of immunosuppressive agents.5

In addition to the problem of achieving
and maintaining glycemic control, the micro-
vascular complications of diabetes, most espe-
cially neuropathy and its consequences, may
lend themselves to cell replacement therapies.
Diabetic neuropathy is a common cause of
foot ulceration, deformity, and amputation.
Autonomic dysfunction, especially affecting

the gastrointestinal tract, causes disruption of
daily activities and may further complicate gly-
cemic control and increase mortality.” Tt is in
this context that better therapies for diabetes
and its complications are needed.

EMBRYONIC DEVELOPMENT OF B CELLS
The pancreas arises from dorsal and ventral
epithelial buds from the endoderm of the pos-
terior foregut on approximately the 10th
embryonic day (the timing is specific to ro-
dents). The epithelial cells evaginate into sur-
rounding mesenchyme, forming an accretion
of multipotent progenitor cells (MPCs) sur-
rounding a central lumen. All subsequent pro-
genitor cells as well as the different cell types
present in the adult pancreas (ie, acinar, ductal,
and islet cells) arise from these accretions.” By
the 13th day of embryonic development, the
dorsal and ventral pancreatic buds have fused
and are accompanied by expansion of the
MPCs with cells exhibiting apicobasal polarity
and microlumen formation. The number of
MPCs allocated to the initial pancreatic buds
seems to control ultimate organ size, suggesting
that the MPCs giving rise to the adult pancreas
are already somewhat predifferentiated and are
limited in the number of cell cycles they are
able to undergo while expanding tissue, devel-
oping organ architecture, and differentiating
into defined cell lineages.” The first wave of
endocrine cell differentiation is predominantly
a-cell differentiation, although some cells ex-
press ghrelin (g cells), pancreatic polypeptide,
and somatostatin (3 cells). Subsequent devel-
opment leads to delamination and budding of
endocrine cells into architecture reminiscent
of the adult pancreas. There has been a sugges-
tion that a greater proportion of adult B cells
arise from the dorsal as opposed to the ventral
bud, implying that the milieu present within
the dorsal bud may be more apposite to the dif-
ferentiation of MPCs into functioning B cells.”
What drives the development of endocrine
cells in the embryonic pancreas? It is apparent
that a variety of factors interplay at various
stages of development, including factors that
are extrinsic to MPCs, and arise in the adjacent
mesenchyme. There are also signals that are
intrinsic to the developing epithelium acting in
a paracrine fashion. The timing and combination
of these signals activates a series of genetic regula-
tory networks through a variety of transcription
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