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The potential of incretin-based therapies
in type 1 diabetes
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Finding a cure for type 1 diabetes (T1D) has been elusive. Incretin-based therapies, since their approval,

have demonstrated their clinical utilities in type 2 diabetes (T2D). Yet, their potential clinical benefits in

T1D remain to be appraised. GLP-1, in addition to its insulinotropic action in alleviating hyperglycemia,

possesses beneficial effects in protecting progressive impairment of pancreatic b-cell function,

preservation of b-cell mass and suppression of glucagon secretion, gastric emptying and appetite.

Preclinical data using incretin-based therapies in diabetic NOD mice demonstrated additional effects

including immuno-modulation, anti-inflammation and b-cell regeneration. Thus, data accumulated

hold the promise that incretin-based therapies may be effective in delaying the new-onset, halting the

further progression, or reversing T1D in subjects with newly diagnosed or long-standing, established

disease.
Introduction
Annually, about 70,000 children aged 14 and under develop type 1

diabetes (T1D) worldwide. T1D involves an autoimmune-

mediated destruction of pancreatic b-cells resulting in insulin

deficiency and hyperglycemia. Insulin-replacement therapy is

the life-saving, first-line treatment for T1D. The disease generally

develops over years and involves a progressive impairment of b-

cell function and a decline in b-cell mass. At the time of disease

diagnosis, patients only retain about 10–20% of functional b-cell

mass. In the past, it has been believed that the loss of b-cells in T1D

is an irreversible process. However, recent studies [1–3] indicate

that: (i) residual functional b-cells remain in T1D patients many

years after diagnosis; (ii) b-cell mass can expand in response to

increased metabolic demand as documented in obesity and during

pregnancy; and (iii) b-cells can replicate, differentiate or trans-

differentiate from various endocrine and nonendocrine cells

under specific conditions. Taken together, these findings provide

a strong espousal of the idea that loss of b-cell function and mass

may be halted or restored by triggering endogenous repair and

regeneration mechanisms. Thus, enhancing endogenous b-cell

function and/or regeneration may provide a viable therapeutic
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approach to be considered in both, type 2 diabetes (T2D) and T1D

clinical settings [4].

On the basis of studies that oral administration of glucose elicited

an enhancement of the insulin secretion response compared to an

intravenous administration of glucose, the phenomenon of the

incretin effect was first observed almost four decades ago [5,6]. This

incretin effect is attributed largely to two gut-hormones, glucose-

dependent insulinotropic peptide (GIP) and glucagon-like peptide-

1 (GLP-1), which are secreted by enteroendocrine K and L cells in the

small intestine and colon, respectively. GIP is a 42-amino acid

peptide, and GLP-1 is a peptide present in two biologically active

forms of 29- and 30-amino acid, respectively. They bind to distinct

G-protein-coupled receptors (GPCRs) on target tissues. Both hor-

mones affect glycemic control by augmenting glucose-dependent

insulin secretion from b-cells of the pancreas. In addition, GLP-1

regulates glucose homeostasis by suppressing glucagon secretion

from islet a-cells resulting in a reduction of hepatic glucose output;

by delaying of gastric emptying; by suppressing of appetite; and by

enhancing b-cell proliferation and inhibiting b-cell apoptosis;

whereas, GIP promotes lipogenesis by stimulating glucose uptake

by adipocytes. Both, GIP and GLP-1 are rapidly degraded by the

enzyme dipeptidyl peptidase-4 (DPP-4) resulting in circulating half-

life of these hormones in the range of minutes.
e 1 diabetes, Drug Discov Today (2011), doi:10.1016/j.drudis.2011.08.017
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In human, administration of GIP to healthy individuals begets a

dose-dependent increase of insulin release. This insulinotropic

effect is, however, severely diminished in diabetic subjects. By

contrast, GLP-1 displays a strong insulinotropic effect on insulin

release in type 2 diabetic patients when administrated intrave-

nously. These remarkable findings embarked upon significant

efforts in understanding the physiological actions of GLP-1 and

its potential utility in managing diabetes. Because of the extremely

short half-life of endogenous GLP-1, two pharmacological

approaches have evolved: (i) GLP-1 mimetics/analogs (GLP-1

receptor (GLP-1r) agonists) and (ii) DPP-4 inhibitors. Both

approaches are aimed at prolonging the biological half-life and

corresponding actions of GLP-1.

Here, the utilities and various preclinical and clinical effects of

US Food and Drug Administration (FDA) and European Medicines

Evaluation Agency (EMA) approved GLP-1 mimetics/analogs and

DPP-4 inhibitors are reviewed. Clinically relevant, short-term and

long-term effects of incretin-based therapies that have the poten-

tial to provide meaningful solutions to T1D patients and thus,

warrant further evaluation and assessment in T1D settings are

discussed.

Incretin-based therapies
The FDA and EMA approved several GLP-1 mimetics/analogs

(exenatide and liraglutide) and DPP-4 inhibitors (sitagliptin and

saxagliptin and linagliptin) for the T2D indication. All medica-

tions are associated with an improvement of glucose homeostasis

and lowering of fasting and postprandial glucose levels in T2D

patients. Additional, clinically meaningful effects have been

reported as well.

Exenatide
Exenatide, in April 2005, was the first GLP-1 mimetic approved by

the FDA. It was labeled as an adjunctive therapy to control

hyperglycemia in patients who have not achieved acceptable

levels of HbA1c with currently available antidiabetic medications.

Several recent studies provided additional clinical utilities for

exenatide demonstrating increased b-cell function [7], and a

meaningful reduction of daily insulin doses in insulin-treated

T2D patients [8,9].

Liraglutide
The clinical efficacy of liraglutide, a human GLP-1 analog, in the

treatment of T2D had been evinced in multiple LEAD trials of

nearly 4000 patients [10,11]. This led to the approval of liraglutide

as an adjunctive therapy to diet and exercise by the EMA in 2009

and the FDA in 2010, respectively. In addition to its glucose-

lowering effects, data from clinical studies now established that

treatment with liraglutide is associated with improvements of

various cardiovascular risk factors, including body weight, blood

pressure and lipid panels.

Sitagliptin
Sitagliptin was the first oral DPP-4 inhibitor approved by the FDA

for the treatment of T2D in October 2006. In long-term clinical

studies, sitagliptin demonstrated its pharmacodynamic efficacy in

reducing HbA1c levels, fasting glucose levels and improving post-

prandial glucose excursions [12].
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Saxagliptin
Saxagliptin was approved by the FDA in July 2009 as a once-daily

tablet for the T2D indication, either as a monotherapy or in

combination with metformin, sulfonylureas, or thiazolidine-

diones.

Linagliptin
Linagliptin, was approved by the FDA for the treatment of T2D in

2011. In addition to sustained reductions in blood levels of HbA1c,

fasting plasma glucose and postprandial glucose improvement of

b-cell function were demonstrated.

A recent study, comparing liraglutide with sitagliptin in T2D

patients who have inadequate glycemic control with metformin,

showed that liraglutide was superior to sitagliptin as measured by

reduction of HbA1c and fasting plasma glucose [13]. In a head-to-

head comparison with exenatide, liraglutide demonstrated super-

ior efficacy in lowering blood glucose [14]. Both, liraglutide and

exenatide, have been demonstrated their weight-loss effects.

Unlike GLP-1 mimetics/analogs, DPP-4 inhibitors possess neutral

effects on body weight and lipid profile.

As with any newly introduced drugs long-term safety will have

to be monitored of both, GLP-1 mimetics/analogs and DPP-4

inhibitors in the respective patient populations and with specific

combination therapies in mind. Of note, the FDA has not yet

approved the concomitant use of GLP-1 mimetics/analogs and

insulin. In addition, pancreatitis, as indicated in the correspond-

ing FDA bulletins, will be a parameter to be watched. Analyzing the

FDA adverse event reporting database of corresponding T2D trials,

a recent report mentioned pancreatitis, pancreatic and thyroid

cancer as potential safety concerns, however, the report concluded

that this analysis does not establish that pancreatitis, pancreatic

and thyroid cancer are caused by incretin-based therapies [15].

Similarly, another recent review of preclinical and clinical data

indicated no increased risk of pancreatitis in patients with T2D

treated with sitagliptin [16].

Effects of incretin-based therapies on b-cell function/
mass in type 2 diabetes
Most patients with T2D display a progressive worsening of glycemic

control. This is due to the gradual loss of b-cell function and mass,

resulting in insulin deficiencies. Therefore, maintaining b-cell func-

tion and/or halting further loss of b-cell mass may provide a promis-

ing strategy in managing or even reversing the course of the disease.

To that end, over the last decade, many studies have been carried out

aimed at exploring the potential benefits of incretin-based therapies

on b-cell preservation and/or regeneration.

A large body of preclinical evidence shows that activation of the

GLP-1 receptor signaling pathway enhances b-cell proliferation and

regeneration and diminishes b-cell apoptosis resulting in a net

increase of functional b-cell mass [17,18]. The GLP-1r belongs to

the class B family of seven trans-membrane GPCRs and is expressed

in the b-cells of the pancreatic islets. The binding of GLP-1 to GLP-1r

activates the G(s)-a protein and its downstream signaling pathways

and controls b-cell function. It includes the production of cAMP and

the activation of protein kinase A (PKA)-dependent and -indepen-

dent pathways. Notably, b-cell-specific G(s)-a knockout mice dis-

play a marked decrease in b-cell mass due to reduced b-cell
e 1 diabetes, Drug Discov Today (2011), doi:10.1016/j.drudis.2011.08.017
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proliferation and increased b-cell apoptosis [19]. In addition, GLP-1

has been reported to be involved in activating several transcription

factors including PDX-1; b-catenin/TCF7L2-dependent Wnt signal-

ing pathways, which enhance proliferation and survival of b-cells

[20,21]; and inhibiting b-cell apoptosis [22,23]. These data have

been confirmed and extended using various GLP-1 mimetics/ana-

logs and DPP-4 inhibitors in both, in vitro and in vivo settings [24].

Exenatide, in several independent, preclinical studies, has been

shown to improve b-cell function and mass [25–27]. Reported

mechanisms involve the inhibition of pro-inflammatory cyto-

kines, b-cell apoptosis and endoplasmic reticulum (ER) stress.

Similarly, studies involving liraglutide revealed an increase of b-

cell proliferation and b-cell mass in ob/ob mice [28]. Furthermore,

studies using primary neonatal rat islets showed that liraglutide, in

a dose-dependent manner, inhibited both cytokine- and free fatty

acid-induced apoptosis via a PI3 kinase-mediated pathway [29].

Additionally, liraglutide treatment showed reduced apoptosis of b-

cells in islet transplants in streptozotocin (STZ)-induced overt

diabetic BALB/c mice [30].

In clinical studies, exenatide and liraglutide have both demon-

strated their beneficial effects on b-cell function as determined by

glucose- and arginine-stimulated C-peptide secretion in patients

with T2D [31,32].

The effects of DPP-4 inhibitor monotherapy in improving b-cell

mass/function in T2D are modest. In preclinical studies [33]

chronic administration of sitagliptin was reported to increase b-

cell mass and insulin-positive b-cells in the islet areas. By contrast,

sitagliptin showed a marginal improvement in the homeostasis

model assessment of b-cell function (HOMA-b) index in T2D

patients [34]. Because sitagliptin administration only modestly

enhances endogenous GLP-1 levels, the magnitude of improve-

ment of b-cell function appears to be less than what was observed

in similar studies using GLP-1 mimetics/analogs. The effect of

saxagliptin on b-cell function was assessed in treatment-naı̈ve

patients utilizing the hyperglycemic clamp and improved b-cell

responsiveness to glucose and decreased postprandial glucagon

concentrations were reported [35].

In conclusion, many preclinical and clinical studies have

already provided substantial evidence that incretin-based thera-

pies may preserve b-cell function in T2D settings. Having several

FDA approved drugs at our disposal, studies exploring benefits on

b-cell mass will soon shed further light on additional benefits that

this class of medicines may display. Documented, beneficial effects

of incretin-based therapies in T2D on b-cell function and mass are

of great interest for patients diagnosed with T1D as well. Both,

improving function of remaining b-cells and expansion of func-

tional b-cell mass after disease onset are strategies that warrant

further assessment in T1D patients.

Effects of incretin-based therapies in type 1 diabetes
T1D is an autoimmune disease and a metabolic disorder charac-

terized by gradual disappearance of functional, insulin-producing

pancreatic b-cells resulting in insulin deficiency and chronic

hyperglycemia. Both, a T-cell-mediated destruction of insulin-

secreting b-cells and a dysfunction of the remaining b-cells in

processing and secreting insulin have been reported.

At the recent 2011 American Diabetes Association (ADA) annual

meeting the results of several T1D clinical trials were revealed.
Please cite this article in press as: C.S. Suen, The potential of incretin-based therapies in typ
Most trials involved immunological approaches aimed at amelior-

ating the autoimmune attack, inducing immune tolerance, or

modulating secondary immune and inflammatory responses.

Some drug candidate molecules showed promise in slowing the

progression of the disease, but thus far, none have been able to halt

the further progression of the disease or restore b-cell function/

mass. Thus, it is imperative to consider additional approaches to

complement promising immunological approaches and to sustain

long-term therapeutic effects in patient with T1D.

The incretin hormone GLP-1 may be valuable in this regard,

because it has been demonstrated that GLP-1 can reduce b-cell

apoptosis, stimulate proliferation and enhance b-cell survival in

preclinical studies. Moreover, pilot clinical studies have revealed

additional, clinically relevant benefits of GLP-1 in postprandial

glucagon suppression, delayed gastric emptying and weight loss

secondary to increased satiety. Thus, GLP-1 receptor agonists or

DPP-4 inhibitors may be clinically useful as standalone medicines

or as adjunct therapies in T1D patients.

GLP-1 mimetics/analogs in type 1 diabetes
Hadjiyanni et al. demonstrated that exendin-4, a GLP-1 mimetic

and equivalent to exenatide, administration in NOD mice exhib-

ited a significant reduction in insulitis scores, enhanced b-cell

mass and improved glucose tolerance [36]. Several additional

studies addressed the hypothesis of reversing diabetes and enhan-

cing b-cell regeneration. For example, exendin-4 in combination

with anti-CD3 therapy showed a beneficial effect on b-cell mass in

NOD mice [37]. As expected, this combination therapy resulted in

a significant improvement of insulin response to glucose,

enhancement of total islet insulin contents, and increased the

remission rate of diabetes. Suares-Pinzon et al. demonstrated that

synthetic human GLP-1 {7-36} amide restored normoglycemia in

acutely diabetic NOD mice while co-administered with gastrin

[38]. This effect was attributed to partial restoration of pancreatic

b-cell mass. Tian et al. reported that exendin-4-stimulated residual

b-cell replication (measured by nuclear BrdU label and cytoplas-

mic insulin staining) in NOD mice treated with complete Freund’s

adjuvant (CFA) [39]. Their data further demonstrated that the

number of T regulatory (Treg) cells in spleen and pancreatic lymph

node was significantly increased in both CFA- and exendin-4-

treated NOD mice.

Given the observed multiple beneficial effects of GLP-1 in

preclinical studies, clinical evaluation of GLP-1 mimetics/analogs

were conducted in a limited number of T1D patients. Evidence

from a case study [40] revealed that exenatide, used in a 40-year-

old male with T1D, attenuated the patient’s HbA1c from 8.7% to

7.3% after 11 months of treatment. Furthermore, his basal insulin

requirements were reduced by 25% and use of short-acting insulin

before breakfast and before dinner was discontinued. Another case

study [41] reported on the stabilizing effects of exenatide in a

patient without any detectable C-peptide. Over the treatment

period of several month glycemic control improved dramatically

and HbA1c levels had fallen by 2%. C-peptide levels remained

undetectable suggesting that the beneficial effects were not attri-

butable to enhanced insulin secretion but may have involved

other incretin-mediated mechanisms. To that end, in other

reports, it was demonstrated that administration of GLP-1or exen-

din-4 results in lower fasting glycemia in T1D patients, mainly by
e 1 diabetes, Drug Discov Today (2011), doi:10.1016/j.drudis.2011.08.017
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reducing glucagon concentrations [42,43]. Furthermore, exena-

tide was assessed over several months in patients with long-stand-

ing T1D and an increase in insulin secretion was reported,

however, it was not considered to be clinically significant [44].

Additional clinical studies tested the hypothesis that adding

GLP-1 mimetics to the treatment regimen at the time of islet

transplantation would provide a benefit in preserving islet mass

and function in T1D patients. To that end, a significant stabiliza-

tion of glycemic control and islet transplant function was demon-

strated using exenatide in islet transplant patients [45–47].

However, after discontinuation of exenatide treatment the initi-

ally observed improvement of b-cell function was not maintained.

More recently, several clinical studies aimed to discern endo-

genous GLP-1 response and beneficial effects of native GLP-1 [48]

or liraglutide [49,50] in controlling hyperglycemia and insulin

dosing regimens in T1D patients with and without residual

C-peptide levels. First, the incretin response to a mixed meal

test was enhanced in T1D patients with residual b-cell function.

Second, both GLP-1 infusion and daily injection of liraglutide

resulted in significant reduction in insulin dose; the reduction of

insulin regimen was larger in C-peptide-positive patients. Of

note, two C-peptide-positive patients completely discontinued

insulin treatment without loss of glycemic control. Third, the

levels of HbA1c significantly decreased at 24 weeks of treatment

with liraglutide.

The short and long-term beneficial effects observed in T1D

patients after GLP-1, exenatide, or liraglutide administration war-

rant further studies both, in patients with new-onset as well as

established T1D. Moreover, the underlying molecular mechanisms

mediating liraglutide’s and exenatide’s actions in T1D patients on

improving glucose homeostasis and b-cell function, survival and

possible regeneration, remain to be explored.

DPP-4 inhibitors in type 1 diabetes
DPP-4 is a serine peptidase that catalyzes and releases dipeptides

from the N-terminus of many peptides including incretin hor-

mones. As such, it converts biologically active GLP-1 into its

inactive form. DPP-4 is also known as the cell surface antigen

CD26 (DPP-4/CD26). DPP-4/CD26 is expressed in a variety of cell

types, including T-lymphocytes, endothelial cells, B-lympho-

cytes, macrophages and natural killer cells. It has been shown

to be a T-cell activation marker [51], and has a costimulatory role

in T-cell activation. The expression of DPP-4/CD26 increased

significantly after stimulation of human peripheral blood mono-

nuclear cells or T-cells by mitogens [52]. In the peripheral blood,

DPP-4+/CD4+ T-cells are involved in regulating CD14+ monocyte

differentiation into dendritic cells after antigen-stimulation. The

activation of dendritic cells augments the T-cell-mediated

immune response via a direct effect on antigen presenting cells

[53]. In mice lacking DPP-4/CD26, enhanced insulin secretion

and improved glucose tolerance have been reported [54]. Several

groups also examined the immune system in DPP-4/CD26 knock-

out mice [55]. As expected, they found a reduction of CD4+ T-cells

in the spleen. In addition, serum levels of total IgG, IgG1 and IgG2

were markedly lower in DPP-4/CD26 null mice after a pokeweed

mitogen challenge. These data revealed that DPP-4/CD26 may

play a role in the regulation of CD4+ T-lymphocytes, cytokine

secretion and T-cell-dependent antibody production.
Please cite this article in press as: C.S. Suen, The potential of incretin-based therapies in typ
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Furthermore, increased DPP-4/CD26-mediated activities have

been reported for several autoimmune diseases [56]. Samples from

patients with multiple sclerosis indicated an elevated DPP-4/CD26

activity in T-lymphocytes [57]. In the DPP-4/CD26 mutant Fischer

344 rats, the number of CD4+ T effector lymphocytes was markedly

reduced in a model of experimental asthma. Further analysis of

these rats indicated a significantly increased influx of FoxP3+

regulatory T-lymphocytes (Treg) into the lungs [58], protecting

from immune attack of an airway inflammation. Of note, Treg cells

play a crucial role in suppressing inessential immune response and

thus, an implicit role of Treg cells in controlling the pathogenic

autoimmune process in T1D had also been explored [59].

Could a DPP-4 inhibitor, in addition to prolonging endogenous

GLP-1 actions, possess an immune-modulatory property thereby

providing an additional benefit in ameliorating autoimmune

destruction of b-cells in T1D? In preclinical studies, the DPP-4/

CD26 inhibitor, isoleucine thiazolidide, was shown to improve

glucose tolerance in both, STZ-induced and BioBreeding diabetic

rats. Stimulation of b-cell survival and possibly islet neogenesis

were suggested as the underlying mechanisms [60,61]. Further-

more, DPP-4 inhibitors demonstrated their pharmacodynamic

efficacy in reversing hyperglycemia in diabetic NOD mice. How-

ever, the potential mechanisms of restoration to normoglycemia

were not addressed [62]. A recent study indicated that new-onset

diabetic NOD mice treated with NVP-DPP728, an experimental

DPP-4 inhibitor, resulted in reducing insulitis, increasing the

number of Treg cells, stimulating b-cell proliferation and leading

to remission of T1D [63]. In these studies, increased b-cell replica-

tion correlated with elevated levels of plasma GLP-1.

Similar to GLP-1 mimetics, sitagliptin, in addition to effectively

regulating blood glucose, was reported to have a protective effect

on islet graft size after islet transplantation [64]. One of the effects

of sitagliptin in preserving transplanted islets was attributed to

reducing homing of CD4 T-cells into the islets [65].

Taken together, these data raise the possibility that DPP-4

inhibitors have the potential to modulate the autoimmune

response and promote b-cell function in T1D.

Clinical assessment of DPP-4 inhibitors in T1D is scarce. One

study, however, reported the use of sitagliptin in newly diag-

nosed T1D patients who received autologous nonmyeloablative

hematopoietic stem cell transplants [66]. Two of the study

subjects also received sitagliptin (100 mg/d). As a result, their

C-peptide levels increased significantly and insulin-replacement

therapy was discontinued 2 months after transplantation. Both

patients remained free from exogenous insulin use for another 6

months. This impressive result may imply a sitagliptin-mediated

differentiation of transplanted stem cells into insulin-secreting

b-cells. Furthermore, in an intriguing recent case report it was

described that the DPP-4 inhibitor sitagliptin is effective and

safe as an add-on therapy to insulin in reducing blood glucose

levels in patients who had no detectable postmeal C-peptide

levels [67]. In other words, patients who were given sitagliptin in

addition to their ongoing intensive insulin therapy displayed

improved glycemic control without displaying any detectable

increase in C-peptide levels suggesting that no improvement of

b-cell function occurred with this particular treatment regimen.

This opens up the interesting question of what else besides

the described and known effects of DPP-4 inhibitors on b-cell
e 1 diabetes, Drug Discov Today (2011), doi:10.1016/j.drudis.2011.08.017
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function are underlying the observed reduction in glucose

levels. To that end, it is of interest to note that in a study

involving 11 T1D patients it was reported that the DPP-4 inhi-

bitor vildagliptin did suppress postprandial glucagon by a b-cell-

independent mechanism [68].

While the data generated from this limited number of case and

small pilot studies are encouraging, it does not yet warrant clinical

utility of either GLP-1 mimetics/analogs or DPP-4 inhibitors in

treating T1D patients. Randomized clinical trials will have to

demonstrate that these agents can attest tight control of glucose

homeostasis in T1D patients and will eventually render them to

become insulin-independent.

Conclusions and future perspectives
T1D is characterized by progressive impairment of b-cell function

and loss of b-cell mass (Fig. 1), which results in insulin deficiencies,

chronic hyperglycemia and eventually in diabetic complications.
Please cite this article in press as: C.S. Suen, The potential of incretin-based therapies in typ

100%

Diagnosis of 
new-onset T1D

F
u

n
ct

io
n

al
 β

-c
el

l m
as

s

0%

Pre-diabetes

Effects of  incretin-based therapies

Insulin secretion
Glucagon secretion
Gastric emptying & appetite

Plasma glucose            

β-cell  mass/regeneration?

Insulin dose ?
Hypoglycemia?
Halt progression or reverse disease?

Detectable β-cell function/mass 

New-onse
diabetes

FIGURE 1

Effects of incretin-based therapies in T1D patients with and without detectable b-

existing b-cells associated with a stimulation of insulin secretion; suppression of g
liver; delayed gastric emptying; and suppression of appetite, all contributing to a

therapeutic effects are expected under conditions where functional b-cell mass is

effects are expected in established disease where no functional b-cell mass is det
minimal, if detectable at all. Whether incretin-based therapies display additional be

cell mass, b-cell regeneration, insulin doses, risk of ketoacidosis, hypoglycemia, a

delaying the new-onset, halting the further progression, or even reversing T1D in su

in humans.
Therefore, the ultimate objective of therapeutic intervention in T1D

is to normalize glucose homeostasis by preserving or restoring b-cell

function and mass. To achieve this goal, to date, several strategies

aimed at halting further deterioration or reversing of disease pro-

gression by modulating the autoimmune and/or secondary

immune and inflammatory responses have been considered [4].

Teplizumab and otelixzumab, two anti-CD3-specific antibodies

[69,70]; rituximab, a B-lymphocyte-specific, anti-CD20 antibody

[71]; and an antigen-based therapy using a glutamic acid decar-

boxylase (GAD)-derived vaccine [72], have been investigated in

newly diagnosed T1D patients in several clinical proof-of-concept

studies. Data reported from these early academic studies instigated

significant enthusiasm in the field and among patients. More

recent studies [73,74], however, also revealed that immunological

approaches targeting inflammatory responses and autoimmune

attack might not be sufficient to stop further loss of b-cell function

and mass [75]. Thus, b-cell regenerative approaches improving
e 1 diabetes, Drug Discov Today (2011), doi:10.1016/j.drudis.2011.08.017
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neficial and clinically relevant short-term and long-term effects on residual b-

nd long-term diabetic complications; or whether they may be effective in

bjects with newly diagnosed or established disease await further assessment
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remaining b-cell function and/or increasing remaining b-cell mass

have to be considered as well [4].

b-Cell mass and function is regulated in response to metabolic

demand thus, suggesting that it may be feasible to design and

develop novel medicines targeting endogenous b-cells regenera-

tion and repair mechanisms by tapping into the underlying,

physiologically relevant pathways. In fact, recent clinical studies

demonstrated the presence of remaining, functional b-cells in

patients with established T1D as well as the existence of b-cell

populations that are not fully differentiated, indicating the pos-

sibility that b-cell regeneration may occur even in subjects with

long-standing disease.

Incretin-based therapies, GLP-1 mimetics/analogs and DPP-4

inhibitors, have already proven their clinical utilities in T2D. This

new class of medicines has also demonstrated its beneficial effects

in maintaining glucose homeostasis, anti-apoptosis, immuno-

modulation and b-cell regeneration in type 1 diabetic NOD mice.

Are we at the prime time of translating these preclinical studies

into the clinics to investigate the potential benefits of incretin-

based therapies in patients with T1D? Indeed, the underlying

science has evolved, supporting data have accumulated, and the

patient’s desire for the development of innovative, novel solutions

and a cure are emerging. This, combined with the availability of

several FDA and EMA approved drugs, provides a unique oppor-

tunity, allowing for safe progression and rapid assessment of

incretin-based medicines in small, proof-of-concept studies in

subjects with T1D. By carefully designing, executing and analyzing

the data of the corresponding trials we will learn more about the

effectiveness of individual incretin-based therapies in new-onset

and established T1D patients and will unravel the molecular

mechanisms underlying glycemic control in T1D patients. Halting

further progression of the disease and restoring b-cell function

and/or mass will, however, always be the ultimate, desired out-

come for any trial.
Please cite this article in press as: C.S. Suen, The potential of incretin-based therapies in typ
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Because incretin-based therapies have the potential to display

their actions through multiple mechanisms including augmenta-

tion of glucose-dependent insulin secretion from b-cells, suppres-

sion of glucagon secretion, gastric emptying and appetite, or by

modulating the auto-immune reaction, enhancing b-cell prolif-

eration and inhibiting b-cell apoptosis, they may be effective both

in patients with new-onset and established T1D (Fig. 1). They may

proof to be clinically useful as standalone medicines or as adjunct

therapies in T1D patients to aid: (i) in improving remaining b-cell

function, (ii) in regenerating endogenous b-cell mass, or (iii) in

regulating proper control of glucose homeostasis through b-cell-

independent mechanisms thereby providing an environment that

favors proper b-cell function and regeneration.

While multiple GLP-1 mimetics/analogs and DPP-4 inhibitors

with distinctive PK/PD profiles are on or close to market, several

small molecules aimed at augmenting the entero-insular axis by

targeting novel GPCRs in the gastrointestinal (GI) tract and the

pancreas, are close of entering the clinics for the T2D indication.

Provided these novel medicines demonstrate effective for the T2D

indication, they may also open a door for evaluating further their

utility in patients with T1D.

Finally, although an attractive approach for treating patients

with recent-onset or established T1D, any incretin-based therapy

by itself may be hampered by the uncontrolled, ongoing auto-

immune response. So, combining safe, incretin-based therapies

with either emerging antigen-specific, tolerogenic approaches or

with agents that modulate the autoimmune response and/or

secondary immune and inflammatory responses may hold the

key for the successful development of disease-modifying treat-

ment regimens for the T1D indication. Provided successful, incre-

tin-based therapies, both as standalone and as combination

products, may emerge as safe, clinically relevant, and commer-

cially viable solutions and cures for patients diagnosed with T1D in

the near future.
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