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ORIGINAL ARTICLE

Immune Intervention for Type 1 Diabetes, 2012–2013

Jay S. Skyler

Introduction

This chapter of the ATTD 2013 Yearbook reviews the key
articles that have appeared between July 2012 and August

2013 in the area of immune intervention in type 1 diabetes.
Also included are two studies dealing with beta-cell regen-
eration or replacement. The first three studies discussed deal
with anti-CD3 monoclonal antibody therapy.

Teplizumab preserves C-peptide in recent-onset type 1
diabetes: 2-year results from the randomized,
placebo-controlled Protege trial

Hagopian W 1, Ferry RJ Jr2, Sherry N3, Carlin D4, Bonvini E4,
Johnson S4, Stein KE4, Koenig S4, Daifotis AG4, Herold KC5,
Ludvigsson J6; for the Protégé Trial Investigators

1Pacific Northwest Diabetes Research Institute, Seattle, WA; 2Divi-
sion of Pediatric Endocrinology and Metabolism, Le Bonheur Chil-
dren’s Hospital and University of Tennessee Health Science Center,
Memphis, TN; 3Massachusetts General Hospital, Boston, MA;
4MacroGenics, Rockville, MD; 5Departments of Immunobiology and
Internal Medicine, Yale University, New Haven, CT; and 6Division
of Pediatrics, Department of Clinical and Experimental Medicine,
Faculty of Health Sciences, Linköping University, Linköping, Sweden

Diabetes 2013 Jun 25: [Epub ahead of print]; DOI: 10/2337/db13-0236

Background

Two years ago we discussed the 1-year results of the Protégé
phase 3 study using teplizumab. The primary outcome
measure—a composite of the percentage of patients with in-
sulin use of < 0.5 U/kg per day and HbA1c of < 6.5% at 1 year—
was not met. However, exploratory analyses suggested that
teplizumab could help preserve b-cell function—as measured
by C-peptide—at 1 year, particularly in subgroups such as
children. This report describes the 2-year results from this study.

Methods

Of the 516 subjects randomized, 462 completed 2 years of
follow-up. Treatment was given both at study entry and 6
months later.

Results

Teplizumab (14-day full dose) reduced the loss of C-peptide
mean area under curve (AUC; a prespecified secondary end-
point) at 2 years versus placebo. In analyses of subsets at entry,
U.S. residents, patients with C-peptide mean AUC > 0.2 nmol/L,
those randomized < 6 weeks after diagnosis, HbA1c < 7.5%
(58 mmol/mol), insulin use < 0.4 U/kg/day, and ages 8–17, each
had greater teplizumab-associated C-peptide preservation than
their counterparts. Exogenous insulin needs tended to be re-
duced versus placebo. Antidrug antibodies developed in some
patients without apparent change in drug efficacy. No new safety
or tolerability issues were observed during year 2.

Conclusion

Anti-CD3 therapy reduced C-peptide loss and thus pre-
served b-cell function for 2 years.

Comment

Previous reports have shown that a short course of hu-
manized anti-CD3 monoclonal antibody—either with
teplizumab or otelixizumab—preserved b-cell function
as measured by C-peptide. The Protégé study selected a
different primary outcome measure—a composite of the
percentage of patients with insulin use of < 0.5 U/kg/
day plus HbA1c of < 6.5% at 1 year. That outcome was
not met, and thus many have labeled the Protégé study a
failure. Yet, in the original report, teplizumab was found
to preserve b-cell function at 1 year. The current article
demonstrates that this effect was maintained at 2 years.
As noted in our earlier discussion of the 1-year results,
there was no prior basis for the outcome measure se-
lected. Moreover, taking two continuous variables (in-
sulin use and HbA1c) and converting them to a single
combined dichotomous variable reduces the statistical
power of assessment of continuous variables. The C-
peptide results, both at 1 year and at 2 years, highlight the
problem. Thus, although the original primary outcome
was not met, we are still learning from the Protégé study.

Division of Endocrinology, Diabetes, & Metabolism, and Diabetes Research Institute, University of Miami Miller School of Medicine,
Miami, FL.
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Teplizumab treatment may improve C-peptide
responses in participants with type 1 diabetes
after the new-onset period: a randomised
controlled trial

Herold KC1, Gitelman SE2, Willi SM3, Gottlieb PA4,
Waldron-Lynch F1, Devine L1, Sherr J5, Rosenthal SM2,
Adi S2, Jalaludin MY3, Michels AW4, Dziura J6, Bluestone JA2

1Departments of Immunobiology and Internal Medicine, Yale
University, New Haven, CT; 2Departments of Pediatrics and In-
ternal Medicine, University of California at San Francisco, San
Francisco, CA; 3Department of Pediatrics, Children’s Hospital of
Philadelphia, Philadelphia, PA; 4Department of Internal Medicine,
University of Colorado Anschutz Medical Campus, Aurora, CO;
and Departments of 5Pediatrics and 6Emergency Medicine, Yale
University, New Haven, CT

Diabetologia 2013; 56: 391–400

Background

Previous studies with anti-CD3 monoclonal antibodies
have been conducted in subjects with recent-onset type 1
diabetes, generally initiated within 2–4 months from diag-
nosis. This study, known as the DELAY study, using tepli-
zumab, enrolled subjects with type 1 diabetes for 4–12
months.

Methods

Fifty-eight subjects were recruited. They received a 14-day
course of either intravenous teplizumab or placebo.

Results

The primary outcome analysis showed a 21.7% higher
C-peptide response in the teplizumab-treated group (0.45
vs. 0.371; difference, 0.059 [95% CI 0.006, 0.115] nmol/L)
( p = 0.03), when corrected for baseline imbalances in
HbA1c levels, the C-peptide levels in the teplizumab-
treated group were 17.7% higher (0.44 vs. 0.378; difference,
0.049 [95% CI 0, 0.108] nmol/L, p = 0.09). A greater pro-
portion of placebo-treated participants lost detectable C-
peptide responses at 12 months ( p = 0.03). The teplizumab
group required less exogenous insulin ( p < 0.001), but
treatment differences in HbA1c levels were not observed.
Teplizumab was well tolerated. A subgroup analysis
showed that treatment benefits were larger in younger
individuals and those with HbA1c < 6.5% at entry. Sub-
jects enrolled between 4 and 8 months after diagnosis
showed better effect than those enrolled between 9 and 12
months after diagnosis.

Conclusion

The secondary outcomes suggest that anti-CD3 therapy
reduced C-peptide loss and thus preserved b-cell even when
therapy was initiated after the recent-onset period. However,
the magnitude of the effect is less than during the recent-onset
period. The analyses identified age and HbA1c as character-
istics that may identify participants most likely to respond to
drug treatment.

Comment

This study initiated therapy with anti-CD3 at a later time
point after diagnosis than has been done in previous
studies. Treatment may reduce the decline of C-peptide
in patients with established disease of up to 1-year du-
ration. Nonetheless, subjects did better if enrollment oc-
curred between a 4- and 8-month duration of type 1
diabetes. Given the success with anti-CD3 in recent-onset
type 1 diabetes, this study indicates that if one is a bit late
in initiating therapy, then there is still likely to be benefit,
particularly if the HbA1c is well controlled. This gives
clinicians more time to offer this treatment to potential
subjects.

Teplizumab (anti-CD3 mAb) treatment preserves
C-peptide responses in patients with new-onset type 1
diabetes in a randomized controlled trial: metabolic
and immunologic features at baseline identify
a subgroup of responders

Herold KC1, Gitelman SE6, Ehlers MR2, Gottlieb PA7,
Greenbaum CJ8, Hagopian W9, Boyle KD5, Keyes-Elstein L5,
Aggarwal S4, Phippard D4, Sayre PH2, McNamara J3,
Bluestone JA6; the AbATE Study Team

1Department of Immunobiology and Internal Medicine, Yale
University, New Haven, CT; 2Immune Tolerance Network, San
Francisco, CA; 3National Institutes of Allergy and Infectious
Diseases, Bethesda, MD; 4Immune Tolerance Network, Bethesda,
MD; 5Rho Federal Systems Division, Chapel Hill, NC; 6University
of California–San Francisco, San Francisco, CA; 7Barbara Davis
Center, University of Colorado, Aurora, CO; 8Benaroya Research
Institute, Seattle, WA; and 9Pacific Northwest Diabetes Research
Institute, Seattle, WA

Diabetes 2013 July 8: [Epub ahead of print]; DOI: 10.2337/db-0345

Background

This study, known as ABATE, looked at whether two
courses of teplizumab (at entry and 1 year later) could help
preserve b-cell function—as measured by C-peptide—at 2
years. The other goal of the study was to identify character-
istics of responders.

Methods

Fifty-two subjects were randomized. The active group
received a 14-day course of teplizumab both at study entry
and 12 months later. The comparison group was random-
ized but did not receive placebo. The primary outcome was
at 2 years.

Results

In the intention to treat analysis of the primary endpoint,
teplizumab-treated patients had a reduced decline in C-
peptide at 2 years [mean (95% CI), - 0.28 ( - 0.36, - 0.20) nmol/
L vs. control, - 0.46 ( - 0.57, - 0.35) nmol/L; p = 0.002], a 75%
improvement. In a post hoc analysis, clinical responders (iden-
tified by having maintained C-peptide better than the ran-
domized comparison group at 24 months) were found to have
metabolic (lower HbA1c and less insulin use) and immunologic
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features (lower frequency of CD4 + CCR4 + memory and naı̈ve
T cells, CD4 + CCR6 + -naı̈ve CD4 + T cells, naı̈ve CCR4 +
CD8 + T cells, and IFNc-producing CD8 + T cells at baseline,
and a higher number of activated CD8 + terminally differenti-
ated effector and CD8 + effector-memory T cells) that distin-
guished this group from nonresponders to teplizumab.

Conclusion

Anti-CD3 therapy reduced C-peptide loss and thus pre-
served b-cell function for 2 years.

Comment

In this study, although the overall response showed
significant improvement in retention of C-peptide, the
most interesting aspect was the identification of two
groups of subjects—responders and nonresponders. Re-
sponders constituted 45% of the subjects treated with
anti-CD3. The responders maintained beta-cell function
for 2 years, whereas the nonresponders lost beta-cell
function at a rate similar to the control group. It is not
known why some subjects respond and others fail to
respond. Nonetheless, the lower HbA1c levels and lower
insulin doses in responders imply that these individuals
may have had a milder disease or be earlier in the course
of the disease. This reinforces the notion that therapy
with anti-CD3 should be as early as possible in the dis-
ease process. The next group of articles discusses other
intervention approaches.

Interleukin-1 antagonism in type 1 diabetes of recent
onset: two multicenter, randomized double-masked,
placebo-controlled trials

Moran A1, Bundy B2, Becker DJ3, DiMeglio LA4,
Gitelman SE5, Goland R6, Greenbaum CJ7, Herold KC8,
Marks JB9, Raskin P10, Sanda S7, Schatz D11, Wherrett D12,
Wilson DM13, Krischer JP2, Skyler JS14 for the Type 1 Diabetes
TrialNet Canakinumab Study Group; and Pickersgill L15,
de Koning E16, Ziegler A-G17, Böehm B18, Badenhoop K19,
Schloot N20, Bak JF21, Pozzilli P22, Mauricio D23,
Donath MY24, Castaño L25, Wägner A26, Lervang HH27,
Perrild H28, Mandrup-Poulsen T29 for the AIDA Study Group

1University of Minnesota, Minneapolis, MN; 2University of
South Florida, Tampa, FL; 3University of Pittsburgh, Pittsburgh,
PA; 4Indiana University School of Medicine, Indianapolis, IN;
5University of California San–Francisco, San Francisco, CA;
6Columbia University, New York, NY; 7Benaroya Research In-
stitute, Seattle, WA; 8Yale University, New Haven, CT; 9Uni-
versity of Miami Diabetes Research Institute, Miami, FL;
10University of Texas Southwestern Medical School, Dallas, TX;
11University of Florida, Gainesville, FL; 12Hospital for Sick
Children, University of Toronto, Toronto, ON, Canada;13Stan-
ford University, Stanford, CA; 14Diabetes Research Institute,
University of Miami Miller School of Medicine, Miami, FL;

15Steno Diabetes Center, Gentofte, Denmark;16Leiden University
Medical Center, Leiden, The Netherlands;17Institute of Diabetes
Research, Helmholtz Zentrum München, and Forschergruppe
Diabetes, Klinikum rechts der Isar, Technische Universität,
München, Germany; 18Ulm University, Ulm, Germany; 19Uni-

versity of Frankfurt-am-Main, Frankfurt, Germany; 20German
Diabetes Center, Düsseldorf, Germany; 21Hospitalsenheden Vest,
Aarhus University Hospital, Aarhus, Denmark; 22Unit for Dia-
betes Prevention, University Campus Bio-Medico, Rome, Italy;
23Hospital Arnau de Vilanova, Lleida, Spain; 24University Hos-
pital Basel, Basel, Switzerland; 25Hospital Universitario Cruces,
Bilbao, Spain; 26Complejo Hospitalario Universitario Insular
Materno-Infantil, Las Palmas de Gran Canaria, Spain; 27Aalborg
Hospital, Aalborg, Denmark; 28Bispebjerg Hospital, Copenhagen,
Denmark; and 29Department of Biomedical Sciences, Faculty of
Health and Medical Sciences, University of Copenhagen, Co-
penhagen, Denmark

Lancet 2013; 381: 1905–15

Background

Innate immunity may contribute to the pathogenesis
of type 1 diabetes. This article reports two randomized
trials that evaluated two approaches to blockade of the
innate immune mediator interleukin-1 (IL-1)—an anti-IL-1
antibody canakinumab and an IL-1 receptor antagonist
anakinra.

Methods

In the canakinumab trial, 69 subjects (age 6–45) were ran-
domized, 47 to canakinumab and 22 to placebo, with the
dosage being 2 mg/kg subcutaneously monthly for 12
months. In the anakinra trial, 69 subjects (age 18–35) were
randomized, 35 to anakinra and 34 to placebo, with the dos-
age being 100 mg/day for 9 months. The primary outcome
measure was C-peptide area under curve (AUC) from a
mixed-meal tolerance test, at 12 months for canakinumab and
at 9 months for anakinra.

Results

The difference in C peptide AUC between the canakinumab
and placebo groups at 12 months was 0.01 nmol/L (95% CI
- 0.11 to 0.14; p = 0.86), and between the anakinra and the
placebo groups at 9 months was 0.02 nmol/L ( - 0.09 to 0.15;
p = 0.71).

Conclusion

Canakinumab and anakinra were safe but were not effec-
tive as single immunomodulatory drugs in recent-onset type 1
diabetes.

Comment

In these studies, there was no benefit on beta-cell function
from blocking the effects of IL-1. Although the innate
immune system may be critically important in the evo-
lution of type 1 diabetes, blocking inflammation by itself
may be insufficient to alter the course of the disease. On
the other hand, decreasing inflammation may prove to be
a crucial component of a combination therapy approach
to interrupting the type 1 diabetes disease process. That
canakinumab was safe and was used successfully in
children as young as age 6 supports its use in future
studies using a combination approach.
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Plasmid-encoded proinsulin preserves C-peptide while
specifically reducing proinsulin-specific CD8 + T cells
in type 1 diabetes

Roep BO1, Solvason N2,3, Gottlieb PA4, Abreu JR1,
Harrison LC5, Eisenbarth GS4, Yu L4, Leviten M2,
Hagopian WA6, Buse JB7, von Herrath M8, Quan J2,
King RS2, Robinson WH2,9,10, Utz PJ2,9,10, Garren H2,10;
the BHT-3021 Investigators, Steinman L2,9,10

1Department for Immunohematology and Blood Transfusion, Lei-
den University Medical Center, Leiden, The Netherlands; 2Bayhill
Therapeutics, Palo Alto, CA; 3Foothill College, Los Altos, CA;
4Barbara Davis Center for Childhood Diabetes, Aurora, CO; 5Di-
vision of Molecular Medicine, Walter and Eliza Hall Institute for
Medical Research, Parkville, Victoria, Australia; 6Pacific North-
west Diabetes Research Institute and University of Washington,
Seattle, WA; 7Diabetes Center for Research, University of North
Carolina, Chapel Hill, NC; 8La Jolla Institute for Allergy and
Immunology, La Jolla, CA; 9Departments of Medicine and Neu-
rological Sciences, Stanford University School of Medicine, Stan-
ford, CA; and10Tolerion Inc., Portola Valley, CA

Sci Transl Med 2013; 5: 191ra82

Background

Because proinsulin is a major target of adaptive immunity
in type 1 diabetes, the authors hypothesized that an en-
gineered DNA plasmid encoding proinsulin would preserve
beta-cell function in type 1 diabetes through reduction of
insulin-specific T-lymphocytes.

Methods

Sixty-nine subjects over age 18 diagnosed with type 1 dia-
betes within 5 years were randomized 2:1 to receive intramus-
cular injections of plasmid or placebo weekly for 12 weeks. Four
dose levels of plasmid were evaluated: 0.3, 1.0, 3.0, and 6.0 mg.
C-peptide served as an exploratory measure of efficacy and
safety. Islet-specific CD8 + T-cell frequencies were assessed
with multimers of monomeric HLA class I molecules loaded
with peptides containing pancreatic or unrelated antigens.

Results

No serious adverse events related to plasmid occurred. The
authors claim that C-peptide levels were improved relative to
placebo at all doses, most notably at 1 mg at 15 weeks ( + 19.5%
with plasmid versus - 8.8% with placebo, p < 0.026). Proinsulin-
reactive CD8 + T-cells, but not T-cells against unrelated islet or
foreign molecules, declined in the plasmid arm ( p < 0.006).

Conclusion

The authors concluded that a plasmid encoding proinsulin
reduces the frequency of CD8 + T-cells reactive to proinsulin
while preserving C-peptide over the course of dosing.

Comment

Although the authors assert that there is benefit to beta-
cell function in this study, it is really unclear whether
there is such a benefit or not. The effect was seen in but
one of four doses tested and at one time point. The

number of subjects studied at each dose was small, and
there did not appear to be statistical adjustment for
multiple comparisons. There were no safety issues. It is
now incumbent upon the authors and study sponsor to
conduct an adequately powered randomized controlled
clinical trial to ascertain whether the effects that they
claim to be seeing are confirmed.

Autologous umbilical cord blood infusion followed
by oral docosahexaenoic acid and vitamin D
supplementation for C-peptide preservation
in children with type 1 diabetes

Haller MJ1, Wasserfall CH2, Hulme MA2, Cintron M1,
Brusko TM2, McGrail KM2, Wingard JR3, Theriaque DW4,
Shuster JJ4, Ferguson RJ2, Kozuch M5, Clare-Salzler M2,
Atkinson MA2, Schatz DA1

1Department of Pediatrics; 2Department of Pathology; 3Department
of Medicine; 4Department of Epidemiology and Health Policy Re-
search and the Clinical Research Center; and 5Department of
Physiological Sciences, College of Veterinary Medicine; The Uni-
versity of Florida, Gainesville, FL

Biol Blood Marrow Transplant 2013; 19: 1126–29

Background

A previous study demonstrated apparent safety of autolo-
gous umbilical cord blood (UCB) infusion accompanied by
postinfusion increase in regulatory T-lymphocytes (Treg). In
an attempt to provide synergy in altering autoimmunity, the
current study was designed to augment UCB by the addition
of two agents generally regarded as safe (GRAS) and with
immunomodulatory properties—vitamin D (Vit D) and doc-
osoahexaenoic acid (DHA).

Methods

The study was an open-label, 2:1 randomized study in
which 15 subjects with type 1 diabetes and stimulated C-
peptide > 0.2 pmol/mL received either (a) autologous UCB
infusion, 1 year of daily oral Vit D (2,000 IU) and DHA
(38 mg/kg), and intensive diabetes management, or (b) in-
tensive diabetes management alone. Treated (n = 10) and
control (n = 5) subjects had median ages of 7.2 and 6.6 years,
respectively.

Results

While the absolute rate of C-peptide decline was slower in
treated versus control subjects, intergroup comparisons failed
to reach significance ( p = 0.29). C-peptide declined and insulin
use increased in both groups ( p £ 0.01). Not surprisingly, Vit
D levels remained stable in treated subjects but declined in
controls ( p = 0.01), and DHA levels rose in treated subjects
versus controls ( p = 0.003). CD4:CD8 ratio remained stable in
treated subjects but declined in controls ( p = 0.03). No changes
were seen in regulatory T cell frequency, total CD4 counts, or
autoantibody titers. No severe adverse events were observed.

Conclusion

Autologous UCB infusion followed by daily supplementation
with Vit D and DHA was safe but failed to preserve C-peptide.
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Comment

If one is looking for efficacy, this study once again illus-
trates the futility of the conduct of pilot studies with a
very small sample size. The study did not reveal any
severe adverse effects, allowing the authors to claim that
the intervention is safe. Yet one should always be cau-
tious with drawing conclusions about safety in small
trials. Only 10 subjects were exposed to the intervention.
It is easy to miss a serious adverse event. Although I do
not suspect that to be an issue with the particular inter-
vention used—autologous UCB and two GRAS sub-
stances—the principle should be appreciated that such
small trials usually are impossible to interpret.

Antithymocyte globulin treatment for patients
with recent-onset type 1 diabetes: 12-month results
of a randomised, placebo controlled, phase 2 trial

Gitelman SE1, Gottlieb PA2, Rigby MR3, Felner EI4,
Willi SM5, Fisher LK6, Moran A7, Gottschalk M8, Moore WV9,
Pinckney A10, Keyes-Elstein L10, Aggarwal S11, Phippard D11,
Sayre PH9, Ding L12, Bluestone JA1, Ehlers MR13,
and the START Study Team

1University of California San Francisco, San Francisco, CA; 2Bar-
bara Davis Center, University of Colorado, Aurora, CO; 3Indiana
University and Riley Children’s Hospital, Indianapolis, In-
dianapolis, IN; 4Emory University, Atlanta, GA; 5Children’s Hos-
pital of Philadelphia, Philadelphia, PA; 6Children’s Hospital of Los
Angeles, Los Angeles, CA; 7University of Minnesota, Minneapolis,
MN; 8University of California San Diego, San Diego, CA; 9Chil-
dren’s Mercy Hospital, Kansas City, MO;10Rho Federal Systems
Division, Chapel Hill, NC; 11Immune Tolerance Network, Bethesda,
MD; 12National Institute of Allergy and Infectious Diseases, Be-
thesda, MD; and13Immune Tolerance Network, San Francisco, CA

Lancet Diabetes Endocrinol 2013 Aug 28; [Epub ahead of print]: DOI:
10.1073/PNAS.1220637110

Background

Type 1 diabetes results from T-lymphocyte-mediated de-
struction of beta-cells. Antithymocyte globulin (ATG) sup-
presses T-lymphocytes and has been used in transplantation
and in other autoimmune diseases. Therefore, this study
evaluated ATG in subjects with recent-onset type 1 diabetes.

Methods

Fifty-eight subjects, age 12–35, with recent-onset type 1 dia-
betes, were randomized (38 to the ATG arm and 20 to the placebo
arm). They received 6.5 mg/kg ATG or placebo over a course of 4
days. The primary endpoint was the baseline-adjusted change in
2-hour area under the curve (AUC) C-peptide response to mixed
meal tolerance test from baseline to 12 months.

Results

About 12 months after randomization, the change from
baseline in the ATG group did not differ from that in the
placebo group for the primary outcome (2-hour AUC of meal-
stimulated C-peptide) or for secondary outcomes (HbA1c and
insulin dose). Participants in the ATG group had a mean

change in C-peptide AUC of - 0.195 pmol/mL (95% CI
- 0.292 to - 0.098), and the placebo group had a mean change
of - 0.239 pmol/mL ( - 0.361 to - 0.118) ( p = 0.591). All except
one subject in the ATG group had both cytokine release
syndrome and serum sickness. Acute T-lymphocyte depletion
occurred in the ATG group, with slow reconstitution over 12
months; yet, effector memory T-lymphocytes were not de-
pleted, and the ratio of regulatory to effector memory T-
lymphocytes declined in the first 6 months and stabilized
thereafter. ATG-treated patients had 159 grade-3–4 adverse
events, many associated with T-lymphocyte depletion, com-
pared with 13 in the placebo group. However, there were no
between-group differences in incidence of infectious diseases.

Conclusion

The authors concluded that a brief course of ATG did not
result in preservation of beta-cell function 12 months later in
patients with recent-onset type 1 diabetes, and that general-
ized T-lymphocyte depletion in the absence of specific de-
pletion of effector memory T-lymphocytes and preservation
of regulatory T-lymphocytes seems to be an ineffective treat-
ment for type 1 diabetes.

Comment

The full story from this study remains to be told, in my
opinion. Post hoc analyses showed that there were dif-
ferences between the 0–6-month change and the 6–12-
month change in C-peptide in the antithymocyte globulin
(ATG) group, with an apparent early decline in beta-cell
function and then stabilization. If the early decline was
caused by a cytokine storm—a postulate that would have
greater support had there been an assessment of C-pep-
tide at 3 months—then there might be continued stable
C-peptide during the ongoing follow-up through 24
months. That might validate the potential benefit of ATG
and support further testing at lower doses and/or in
combination therapy, such as that being done with low-
dose ATG together with granulocyte colony-stimulating
factor. The next articles provide insights about potential
interventions that could be evaluated in type 1 diabetes.

Acute metabolic effects of exenatide in patients
with type 1 diabetes with and without residual
insulin to oral and IV glucose challenges

Ghazi T1, Rink L1, Sherr JL2, Herold KC1

1Departments of Immunobiology and Internal Medicine
and 2Department of Pediatrics, Yale University School
of Medicine, New Haven, CT

Diabetes Care 2013 Aug 12: [Epub ahead of print]; DOI: 10.2337/
dc13-1169

Background

Treatment with GLP-1 analogs is used for type 2 diabetes.
Patients with type 1 diabetes, particularly those with residual
beta-cell function, may also respond to treatment. In type 1 di-
abetes, the acute metabolic effects of GLP-1 analogs on both oral
and IV glucose challenges have not been well characterized.

IMMUNE INTERVENTION FOR TYPE 1 DIABETES, 2012–2013 S-89



Methods

Seventeen patients with type 1 diabetes, eight of whom
had residual insulin production, underwent two mixed meal
tolerance tests (MMTT), and two intravenous glucose tol-
erance tests (IVGTT), with and without pretreatment with
exenatide. Glucose excursions, insulin secretion rates (ISR),
glucagon, gastric emptying, and incretin levels (endogenous
GLP-1 and GIP) were measured following the meal or glu-
cose loads.

Results

During the MMTT, glucose levels were suppressed with
exenatide in patients with or without residual insulin pro-
duction ( p = 0.0003). Exenatide treatment did not change the
absolute ISR, but the ISR to glucose levels were increased
( p = 0.0078). Gastric emptying was delayed ( p = 0.0017) and
glucagon was suppressed ( p = 0.0015). None of these hor-
monal or changes in glucose were detected during the IVGTT
with exenatide administration.

Conclusion

Exenatide, given before an oral meal, lowered glycemic
excursions in patients with type 1 diabetes, involving gluca-
gon suppression and gastric emptying, while preserving in-
creased insulin secretion. GLP-1 analogs may be useful as an
adjunctive treatment in type 1 diabetes.

Comment

GLP-1 analogs have been thought about as potential
adjunctive therapy in type 1 diabetes, and several
small studies have suggested that they may have
potential benefit. The current study evaluated the po-
tential mechanisms by which such therapy may be op-
erating. Using but a single dose of exenatide before a
meal, there was sufficient glucagon suppression and
delay of gastric emptying to flatten postmeal glycemic
excursions even in subjects without residual insulin se-
cretion. This bodes well for the potential use of GLP-1
analogs in type 1 diabetes, for which several larger
studies are currently under way. Because GLP-1 analogs
may also contribute to beta-cell health, they may be a
useful component of a combination therapy approach
directed at recent-onset type 1 diabetes.

Betatrophin: a hormone that controls pancreatic
b cell proliferation

Yi P, Park JS, Melton DA

Department of Stem Cell and Regenerative Biology, Harvard Stem
Cell Institute, Howard Hughes Medical Institute, Harvard Uni-
versity, Cambridge, MA

Cell 2013; 153: 747–58

Background

Replenishing insulin-producing pancreatic beta-cell mass
will benefit both type 1 and type 2 diabetes. In adults, pan-
creatic beta-cells are generated primarily by self-duplication.

Methods

The authors used a mouse model of insulin resistance that
induces dramatic pancreatic beta-cell proliferation and beta-
cell mass expansion.

Results

The authors were able to identify a hormone, betatrophin,
which is primarily expressed in liver and fat, that correlates
with beta-cell proliferation. Transient expression of beta-
trophin in mouse liver significantly and specifically promoted
pancreatic beta-cell proliferation, expanded beta-cell mass,
and improved glucose tolerance.

Conclusion

Betatrophin treatment could be used to increase the num-
ber of endogenous insulin-producing cells in diabetes.

Comment

This article describes a new hormone, betatrophin, that
stimulates beta-cell proliferation and expands islet beta-
cell mass. Although to date only studied in rodents, the
analogous human sequence has been identified. If beta-
trophin can be produced, such as by recombinant DNA
technology, it could undergo animal toxicology testing to
clear the way for initiation of human clinical trials. This
represents a most exciting possibility that potentially
could be combined with immune intervention for alter-
ation of the course of type 1 diabetes.
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Background

The advent of induced pluripotent stem cell technology en-
abled the conversion of adult cells into any other cell type
passing through a stable pluripotency state. Unfortunately, in-
definite pluripotency is unphysiological, is inherently labile,
and makes cells prone to culture-induced alterations. The direct
conversion of one cell type to another without an intermediate
pluripotent stage is also possible but requires viral transfection
of appropriate transcription factors, limiting its therapeutic
potential. The aim of this study was to investigate possible di-
rect conversion of skin fibroblasts by exposing them to a de-
methylating agent immediately followed by culture conditions
aimed at differentiating the cells to insulin-secreting cells.

Methods

Adult human skin fibroblasts were exposed for 18 hours to
the DNA methyltransferase inhibitor 5-azacytidine, followed
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by a three-step protocol for the induction of endocrine pan-
creatic differentiation that lasted 36 days.

Results

With this treatment, 35 – 8.9% of fibroblasts became pan-
creatic converted cells that acquired an epithelial morphol-
ogy, produced insulin, and then released the hormone in
response to a physiological glucose challenge in vitro. These
pancreatic converted cells were able to protect recipient mice
against streptozotocin-induced diabetes, restoring physio-
logical responses to glucose tolerance tests.

Conclusion

It is possible to convert adult fibroblasts into insulin-se-
creting cells.

Comment

This article represents a remarkable achievement that has
the potential to provide insulin-secreting cells from a
person’s own skin fibroblasts. To use these for beta-cell
replacement would obviate the need to deal with al-
loimmunity responsible for rejection, although the po-
tential for recurrent autoimmunity would still exist.
Nonetheless, if further studies demonstrate the clinical
feasibility of this approach, it could be quite remarkable.

Overall Commentary

This year has produced some very exciting articles, al-
though many describe preliminary studies and need further
development. As noted in previous years, this author believes
many of these potential interventions hold promise, particu-
larly if they are used as components of combination therapy.
Even by itself, anti-CD3 deserves testing in a well-designed
phase 3 trial in recent-onset type 1 diabetes. It also is being
explored as a preventative measure in individuals with very
high risk of progression to type 1 diabetes. ATG is being ex-
plored further at lower doses and in combination with gran-
ulocyte colony-stimulating factor. Plasmid containing
proinsulin has been demonstrated to be safe and is worthy of
further study, perhaps as the antigen-specific component of a
combination approach. Another component of combination
therapy could be a GLP-1 analog to improve beta-cell health.
One could envision adding in betatrophin to expand beta-cell
mass, and if beta-cells have already been depleted, one could
even imagine using an individual’s skin fibroblasts to make
new pancreatic islets. This is all science fiction today. Yet,
development of the component parts has been proceeding
with vigor. I predict that we are embarking on a decade that
will see enormous progress in eradicating type 1 diabetes.
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