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To determine the role of the B7-H4 pathway in the regulation of " cell-
speci ¢ autoimmune responses in vivo, we studied the effect of B7-H4.lg
on modulation of autoimmune diabetes in NOD mice. Prediabetic (3-week
of age) female NOD mice (Group 1, n=21) were treated with intraperitoneal
injections of B7-H4.lg at 7.5 mg/kg, or (Group 2, n=24) with the same amount
of mouse 1gG, or (Group 3, n=24) with no protein injections, every 3 days for 16
weeks. Results showed that B7-H4.lg reduced the incidence of autoimmune
diabetes, compared with the control groups [diabetic mice 23.8% of Group
1, 66.7% of Group 2 (log-rank test, p=0.0081), and 70.8% of Group 3 (Group 1
versus 3, P=0.0035)]. Histological analysis revealed that B7-H4.lg treatment
signi cantly reduced insulitis at 9 weeks post-treatment. B7-H4.Ig treatment
resulted in an up-regulation of the Foxp3* CD4* T-cell population starting one
week post-treatment (12.88 — 1.29 % versus 11.58 - 1.46 %, n =8, P=0.03).

This report demonstrates that B7-H4.lg treatment delays and reduces
the development of autoimmune diabetes and that protection from T1D is
associated with up-induction of regulatory Foxp3* CD4* T cells through the
activated B7-H4 pathway. Further investigations regarding the mechanisms
of this protection are underway.

Supported by: CIHR

& 1447-P

B7-H4.1g Inhibits the Development of Type 1 Diabetes by Decreasing
Th17 Cells in NOD Mice
1.-FANG LEE, XIAOJIE WANG, JIANGIANG HAO, DANIEL L. METZGER, ZILIANG
AO, LIEPING CHEN, LINDA LIU, SOLOMON LANGERMANN, DAWEI OU, GARTH L.
WARNOCK, Vancouver, BC, Canada, New Haven, CT, Rockville, MD

Type 1 diabetes (T1D) is an autoimmune disease characterized by
immunological destruction of insulin-producing pancreatic “-cells and
subsequent hyperglycemia. The non-obese diabetic (NOD) mouse strain
spontaneously develops a disease similar to human T1D and is commonly
used as an animal model for studying this disease. A prior nding from our
laboratory has suggested that the administration of B7-H4-immunoglobulin
(B7-H4.lg), a newly identi ed negative T-cell co-stimulatory signaling
molecule, to NOD mice reduced the incidence of T1D. However, the
mechanism(s) by which B7-H4 protects NOD mice from T1D remains
unclear. IL-17 is a proin ammatory cytokine that activates T cells and other
immune cells to produce a variety of cytokines and chemokines. Increasing
evidence have shown that therapeutic agents targeting IL-17 molecule
or directly inhibiting IL-17-producing cells (T helper-17 cells; Th17 cells)
regulate autoimmune diabetes in NOD mice, suggesting IL-17 is involved
in the pathogenesis of this disease. To investigate whether Th17 cells
are negatively regulated in the prevention of T1D by B7-H4.lg treatment,
we injected prediabetic female NOD mice with B7-H4.lg (Group 1; 7.5mg/
kg) or control mouse IgG (Group 2; 7.5mg/kg) intraperitoneally every 3 days
starting at 3 weeks of age. Cells harvested from pancreatic lymph nodes and
spleens at different time points were in vitro cultured with Th17-polarization
cytokines (TGF- °, IL-6 and IL-23) for 3 days and the population of Th17 cells
was measured by ow cytometry. Compared with control mouse lgG-injected
mice, we observed that generation of Th17 cells was signi cantly inhibited in
B7-H4.Ig-injected mice in pancreatic lymph nodes (n= 4/group, mean= 2.4 -
0.80% in Group 1 vs. 6.0 - 0.82% in Group 2; demonstrating a 60% inhibition,
P=10.022) as well as in spleens (n= 4/group, mean=6.62 — 1.6% in Group 1 vs.
12.2 - 0.74% in Group 2; demonstrating a 45% inhibition, P= 0.021) one week
post B7-H4.lg treatment. Our study suggests that blocking the generation of
Th17 cells may be one of the mechanisms to inhibit the development of T1D
by B7-H4.lg administration in NOD mice.

Supported by: CIHR

A & 1448-P
Reversal of Type 1 Diabetes through the Immune Modulation of Cord
Blood-Derived Multipotent Stem Cells
YONG ZHAO, Chicago, IL

Type 1 diabetes (T1D) is a T cell-mediated autoimmune disease that
results in a shortage of islet ~ cells. Control of autoimmunity is the top
priority for T1D treatment. We identi ed a novel type of stem cell from
cord blood, designated cord blood-derived multipotent stem cells (CB-
SC), which display embryonic stem (ES) cell characteristics. Animal data
revealed that CB-SC can function as an immune modulator that can lead
to control of autoimmune responses, which could in turn be used as a new
approach to overcome the autoimmunity of T1D in patients. In vitro co-
culture experiments demonstrated that direct suppression of CB-SC on the
islet “-cell GAD-speci ¢ CD4* T cell clone generated from T1D patients. The
proliferation of this T cell clone was markedly decreased in the presence of
CB-SC compared to the control group in the absence of CB-SC. To translate

For author disclosure information, see page 785.

A398

this technology into clinics, we invented a device Stem Cell Educator that is
optimized for CB-SC culture and clinical treatment via connecting with Blood
Cell Separator. In collaboration with a medical center in China, Phase | clinical
trial (n =19, 10 males, 9 females) has demonstrated the feasibility and safety
of Stem Cell Educator therapy. Ongoing studies have con rmed that T1D
patients (n=9, aged 15-48 years, diseased for 1-17 years) receiving Educator
therapy experienced improvement of metabolic control, a marked reduction
of HbAlc values, decreasing insulin doses, and increasing C-peptide values
both at baseline and 2 hours post high glucose challenge. Additionally,
immune characterizations have revealed the reversal of autoimmunity of
T1D, the restoration of Th1/Th2 cytokine balance, the marked up-regulation
of Foxp3* regulatory T cells (Tregs) in peripheral blood. The whole procedure
is simple, safe and very cost-effective. To explore molecular mechanisms
underlying the immune modulation of CB-SC, we found CB-SC express
Autoimmune Regulator (Aire) at both mRNA and protein levels. Using three
pairs of human Aire-speci ¢ small interfering RNAs (SiRNA) to knockdown
Aire expression, functional analysis demonstrated that expression of Aire in
CB-SC contributes to the inmune modulation. ADA-Funded Research

& 1449-P
IL-1 Blockade Reduces TH17 Cells in Adults with Type 1 Diabetes
SRINATH SANDA, Seattle, WA
We have previously shown that anakinra, an FDA approved IL-1R
antagonist, reduced serum IL-8 levels in patients with type 1 diabetes. IL-1 °
may be important in the development of TH17 cells, a recently described
T-cell subset important in autoimmune disease pathogenesis. We sought
to determine if IL-1 blockade results in reduced IL-17 expression in CD4 cells
and determine if IL-8 has a role in IL-17 expression. Five adults with type
1 diabetes who had residual insulin secretion were treated with up to 3
days of anakinra. Blood for mechanistic studies was collected and frozen
before and after drug administration. All frozen PBMCs were thawed,
rested overnight, and stimulated with PMA/ionomycin (50 ng/ml and 2 ug/
ml respectively) for 5 hours. Brefeldin A was added to the cultures for the
last 2 hours of stimulation. Additional aliquots of post-drug samples were
incubated with IL-8 (50 ng/ml) overnight during the rest phase prior to
stimulation to determine if IL-8 could reverse the effects of IL-1 blockade
on TH17 expression. We observed that 3 of 5 patients showed reduced
intra-cellular IL-17 by ow cytometry after drug administration. The average
reduction in IL-17 expression was 37.5%. Co-culture of post-drug samples
with IL-8 restored IL-17 expression in these three patients (representative
ow density plots of IL-17 expression in CD4 cells shown below). Patients
who did not show reduced IL-17 expression with IL-1 blockade did not show
an increase in IL-17 expression with IL-8 incubation. IL-1 blockade results in
reduced numbers of TH17 cells in patients with type 1 diabetes. IL-8 may
be an important stimulus for TH-17 expression. Future trials utilizing IL-1
blockade in type 1 diabetes patients should investigate changes in TH17
cells and the IL-8 pathway as mechanistic outcome measures.
Pre-anakinra : F:Dsl-anakinra g Post-anakinra+IL-8
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A & 1450-P
In Silico Predictions Faciliate Development of Oral Insulin and Non-
Mitogenic Anti-CD3 Antibody Combination Therapy for Diabetes
Reversal in Non-Obese Diabetic Mice
ALUSHA MAMCHAK, YULIA MANENKOVA, YANAN ZHENG, JASON CHAN,
CYNTHIA STOKES, LISL SHODA, MATTHIAS VON HERRATH, DAMIEN BRESSON,
Foster City, CA, La Jolla, CA

Antigen-speci ¢ and anti-CD3 antibody therapies are under clinical
evaluation for the treatment of type 1 diabetes (T1D). Their ef cacy in
humans remains suboptimal but can certainly be improved by developing
potent and safe combination therapies (CTs). Here, we evaluated the ef cacy
of anti-CD3/oral insulin CT as compared to monotherapies to reverse new
onset T1D in NOD mice. To facilitate development of this CT, we applied
the Entelos TID PhysioLab® platform, a validated mathematical model of
T1D pathophysiology in the NOD. Biosimulations were used to (i) optimize
the dosing regimen and (i) identify candidate biomarkers of ef cacy. They
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predicted optimal reversal in new onset T1D when anti-CD3 administration
was delayed relative to oral insulin, and optimal reversal of established T1D
with simultaneous administration. Simulations also predicted that serum
autoantibodies (aAbs) could prospectively differentiate responders and
nonresponders, while post-treatment IFN aTNF, IL1 and IL12 levels were
predictive of sustained remission. Laboratory experiments con rmed many
in silico predictions and showed that intervention upon early onset of T1D
pro ted from a delayed start of low-dose anti-CD3 antibody relative to oral
insulin. In contrast, intervention in the late phase necessitated simultaneous
administration to reverse T1D in >80% of mice. We showed that protection
resulted from an expansion of insulin-speci ¢ Tregs expressing IL-10, TGF *
and IL-4 that could transfer tolerance. CT but not anti-CD3 alone sustained
long-term ef cacy by preventing reactivation of autoreactive effector
memory T cells in vivo. Longitudinal analyses of serum samples showed
that (i) presence of anti-insulin aAbs before treatment increased the odds
of responding to CT (but not anti-CD3 alone) and (ii) that sustained remission
is predicted 2 weeks post treatment by lower circulating cytokine levels.
Our therapeutic and mechanistic studies provide for the rst time validated
biomarkers in association with a potent CT and pave the way for using anti-
CD3/oral insulin CT to treat human T1D.

Supported by: JDRF #36-2008-921 to D.B. ADA-Funded Research

& 1451-P

Islet Speci c T Cell Responses and Pro-In ammatory Monocytes
De ne Speci c Subtypes of Autoantibody-Negative Ketosis-Prone
Diabetes (KPD)
BARBARA BROOKS-WORRELL, JESSICA REICHOW, DINAKER IYER, IVONNE
CORAZA, CHRISTIANE S. HAMPE, LAKSHMI K. GAUR, KEREM OZER, RAMA-
SWAMI NALINI, ASHOK BALASUBRAMANYAM, JERRY P. PALMER, Seattle, WA,
Houston, TX

Ketosis Prone Diabetes (KPD) is heterogenous and characterized by
diabetic ketoacidosis (DKA) in patients lacking the typical features of
autoimmune type 1 diabetes. A validated classi cation scheme for KPD
includes two autoantibody-negative phenotypic forms: A-B- (lean, early
onset, lacking beta cell functional reserve), and A-B+ (obese, late onset,
with substantial beta cell functional reserve following the episode of DKA).
Recent longitudinal analysis of a large KPD cohort has revealed that the
A-B+ phenotype includes two distinct subtypes de ned by whether the
initial DKA episode had a de ned precipitant (provoked) or no precipitant
(unprovoked). Provoked A-B+ KPD patients have progressive loss of beta cell
function after recovery from the DKA episode, no sex predominance, and
an increased frequency of the HLA class Il susceptibility alleles DQB1*0302
and DRB1*04. In contrast, unprovoked A-B+ KPD patients have sustained
preservation of beta cell function after recovery from the DKA episode,
male predominance, and an increased frequency of the protective allele
DQB1*0602. We hypothesized that differences in cellular immune responses
might distinguish the three KPD subtypes. We measured T cell responses
to islet proteins (cellular immunoblotting) and the percentage of pro-
in ammatory (CD14+CD16+) blood monocytes (FACS analysis) in A-B- (n=4),
provoked A-B+ (n=9) and unprovoked A-B+ (n=7). We observed that T cells of
provoked A-B+ and A-B- patients tend to react vigorously to islet proteins,
while those of unprovoked A-B+ patients do not. Furthermore, provoked
A-B+ patients have a signi cantly higher frequency of pro-in ammatory
CD14+CD16+ monocytes than unprovoked A-B+ patients (p<0.02). We
conclude that: 1) provoked A-B+ KPD is associated with a high frequency of
islet autoimmunity and pro-in ammatory monocyte populations resulting in
progressive loss of beta cell function; 2) unprovoked A-B+ KPD is a distinct
syndrome of reversible beta cell dysfunction lacking evidence of humoral
or cellular islet autoimmunity; 3) a substantial proportion of autoantibody-
negative KPD patients also have evidence of cellular autoimmunity.

A & 1452-P
Decreased B7-H1 Expression in Pancreatic Islets in Type 1 Diabetes
Patients
SUSAN S.C. CHEUNG, DAWEI OU, DANIEL L. METZGER, NOUSHIN AKHOUND-
SADEGH, ZILIANG AO, ZEHUA HE, LONGJUN DAI, MARK MELOCHE, MARTHA
CAMPBELL-THOMPSON, GARTH L. WARNOCK, Vancouver, BC, Canada, Miami, FL
Recent studies have highlighted the central role of the negative
costimulatory B7-H1 molecule (also called PD-L1) in suppressing proliferation
of autoreactive T-cells and consequently halting the progression of type
1 diabetes (T1D) in the NOD mouse model. B7-H1 transcript is found in
almost all human tissue types but the protein is expressed mainly in the
antigen presenting, endothelial and epithelial cells in response to cytokine
stimulation. Our earlier study shows that strong B7-H4 expression is found
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in the " cells of normal pancreas with reduced expression in T1D pancreas.
Since both B7-H1 and B7-H4 share over 50% of conserved sequences we
studied whether B7-H1 protein expression was similarly reduced using
immunohistochemistry (IHC) in formalin- xed paraf n-processed pancreas
sections from normal and T1D samples obtained through the Network of
Pancreas Organ Donors with Diabetes. [HC of 10 normal samples showed
noticeable but weak B7-H1 staining in the islets with a few strongly stained
cells in the islet periphery; in comparison there was a concomitant loss
of both B7-H1 and insulin staining in 7 of the 10 T1D samples, with the
remaining 3 T1D samples showing minimal B7-H1 expression and reduced °
cell numbers. Western blot analysis shows that B7-H1 protein is present in
islets as well as the exocrine fraction of collagenase-digested normal human
pancreas. Quantitative RT-PCR shows a higher level of mRNA in the puri ed
islets than exocrine when compared to whole pancreas with an expression
ratio for islet and exocrine fractions, respectively at 2.63 — 1.3 and 0.84 -
0.08 (normalized to whole pancreas at 1, P=0.03). This new information on
B7-H1 expression in normal and T1D human pancreas tissue adds support
to the observation that B7-H1 molecule may play a role in T1D development.

Supported by JDRF ADA-Funded Research

Guided Audio Tour: Immunology  Immune Abnormalities in Diabetes
(Posters 1453-P to 1460-P), see page 11.

& 1453-P
T Lymphocytes from Diabetic Patients Show Elevated Intracellular
Levels of the Receptor for Advanced Glycation Endproducts (RAGE)
EITAN M. AKIRAV, PAULA PRESTON-HURLBURT, KEVAN C. HEROLD, New Haven, CT
The receptor for advanced glycation endproducts (RAGE) plays a pivotal
role in T cell activation. In NOD mice, RAGE is expressed on activated T cells.
RAGE inhibition reduces diabetogenesis and modulates T cell activation.
Here, we examined RAGE expression levels on T cells from patients with new
onset T1 diabetes (TIDM) and healthy control (HC). Analysis of serum from
patients with recent onset TIDM showed a signi cant increase in SRAGE
levels when compared to HC (1419-456 pg/ml, n=19 vs. 318-175 pg/ml, n=17,
p<0.05). FACS analysis of RAGE expression on the surfaces of CD4+ or CD8+
T cells from HC showed no detectable staining under resting or activated
conditions. However, cell permeabilization revealed intracellular expression
of RAGE protein in activated but not resting T cells from HC. In contrast,
intracellular RAGE was readily identi ed in unstimulated freshly isolated
CD4+ and CD8+ T cells from T1 and T2DM patients (CD4+ cells 25.4-4.1%
and 17.4-3.2%; and CD8+ cells 26.3-4.2% and 19.1-3.5%)(p<0.001 vs. HC)
at levels similar those of activated cells from HC. Moreover, intracellular
FACS staining showed that RAGE+ CD4+ and CD8+ T cells from patients
with TIDM produced higher levels of IL-5 (p<0.05) and CD4+ cells expressed
higher levels of IL-5, CD107a and IL-17 (p=0.01) compared to RAGE- T cells
in the same individual. These studies suggest that unlike other cell types,
RAGE is expressed intrancellularly in human T cells and is constitutively
expressed in T cells from patients with diabetes. RAGE+ T cells show a
different functional phenotype compared to RAGE- T cells. These ndings
suggest a mechanism whereby hyperglycemia may affect activation of T
cells in patients with diabetes.
Supported by: Brehm Coalition

& 1454-P
Correlation of Pancreatic Histopathology in U.S. Organ Donors with
Type 1 Diabetes of Longstanding Duration
PATRICK ROWE, MARTHA CAMPBELL-THOMPSON, CLIVE WASSERFALL, MARIA-
FERNANDA MARTINO, JOHN KADDIS, GEORGE EISENBARTH, ROBERTO GIANANI,
ANASTASIA ALBANESE-O NEIL, MARK ATKINSON, DESMOND SCHATZ, Gainesville,
FL, Duarte, CA, Denver, CO
Accurate diagnosis of type 1 diabetes (T1D) is critical to efforts such
as the Network for Pancreatic Organ donors with Diabetes (nPOD) that
seek to correlate disease process with organ pathology. Retrospectively
distinguishing type 1 from type 2 diabetes is not straightforward. Phenotype/
histopathology correlations were assessed in 30 cases reported as T1D at
time of donation to nPOD where clinical, autoantibody (AA), C-peptide, and
HLA data were available. Histology was consistent with classical T1D in 28
of 30 cases (93%), showing complete absence or markedly reduced numbers
of insulin+ islets. Histology was atypical in the remaining 2 cases (onset
16.5-0.5y, duration 17.5-2.5y), with large numbers of insulin+ islets. Insulitis
was found in just 5 cases (17%; onset 14.9-3.4y, duration 8.8-1.8y), 4 with
insulin+ islets. T1D cases were then ranked by the number of T1D-associated
factors (onset<10y, onset<20y, Caucasian race, DR3, DR4, DQ*0201/0302,

For author disclosure information, see page 785.
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African Am. race/DQ*0201/early onset, absence of DQB1*0602, GAD65,
1A-2/ICA512, ZnT8, BMI<30) to identify any correlations with histology. Cases
with >7 factors (n=10) exempli ed a classical T1D phenotype (80% DR3/4,
60% onset <10y, 100% C-peptide undetectable, 50% AA+), correlating with
histology: 100% with no or few insulin+ islets, insulitis observed in 2 cases;
one being the only case with insulin+ islets. All cases with 6 or 7 factors
(n=8; 25% DR3/4, 50% onset <10y, 100% C-peptide undetectable, 25% AA+)
had no or few insulin+ islets, and insulitis was observed in the single case
(onset 26y, duration 5y) with insulin+ islets. All cases with 5 factors (n=6;
16% DR3/4, 16% onset <10y, 83% C-peptide undetectable, 33% AA+) had no
or few insulin+ islets, and insulitis was observed in the 2 cases with insulin+
islets. Among cases with <5 factors (n=6; 0% DR3/4, 16% onset <10y, 67%
C-peptide undetectable, 0% AA+), 67% had no insulin+ islets, 33% had large
numbers of insulin+ islets, and insulitis was not observed in any cases.
In summary, in cases with classical T1D a characteristic picture is seen,
whereas when diagnosis is not straightforward histology is heterogeneous.
Supported by: JDRF

1455-P
WITHDRAWN

& 1456-P
Phagocytic Activity Is Impaired in Type 2 Diabetes and Increases
after Metabolic Improvement
ALBERT LECUBE, OLGA GISELA PACH N, CRISTINA HERN NDEZ, JORDI MESA,
JORDI PETRIZ, RAFAEL SIM , Barcelona, Spain

Although patients with type 2 diabetes have an increased susceptibility
to infection, the mechanisms involved in this relationship are not well
understood. In this regard, it would be of great interest to assess the role
of phagocytic function of polymorphonuclear leukocytes and macrophages
in diabetic patients.

For this purpose we designed a case-control study comparing phagocytic
activity between 21 type 2 diabetic patients (cases) and 21 healthy
volunteers (controls) closely matched by age, gender, and BMI. Diabetic
patients were prospectively recruited in the outpatient Diabetes Unit of
a referal center. The exclusion criteria included clinical history infectious
disease, malignancy, chronic or acute renal failure, smoking habit, chronic
respiratory disease, and abuse of any kind of drug. In addition, 12 type 2
diabetic patients with HbAlc >8% were hospitalized to complete a 5-day
intensi cation treatment of blood glucose.

Commercial pHrodo E.Coli Bioparticles= phagocytosis kit for ow cytometry
(Invitrogen, Eugene, Oregon, USA) was used in combination with Ho33342
(Invitrogen, Eugene, Oregon, USA) to analyze phagocytosis activity.

For author disclosure information, see page 785.
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Type 2 diabetic patients showed lower phagocytic activity (54.0-19.9 vs.
68.5-12.7%,

p=0.006) in comparison with non-diabetic subjects. Signi cative negative
correlations between phagocytic activity and fasting glucose (r=-0.62,
p=0.004) and HbAlc (r=-0.59, p=0.019) were detected. Finally, a signi cant
reduction in HbAlc (8.68-2.40 at baseline vs. 8.39-2.37% at 5-days follow-
up, p=0.006) and fructosamine (385-75 at baseline vs. 366-64 mg/dl at
5-days follow-up, p=0.002) were associated with a signi cant increase in
phagocytic activity (63.4-12.2 at baseline vs.76.7-18.6% at 5-days follow-
up, p=0.040).

Our data suggest that type 2 diabetes is associated with a substantially
impaired phagocytosis activity. In addition, the improvement of metabolic
control is related with the enhancement of this activity. Therefore, a greater
attention to polymorphonuclear leukocytes and macrophages function
needs to be addressed to better understand the increased susceptibility to
infection detected in type 2 diabetes.

& 1457-P
Distinct Mitochondrial Abnormalities in Leukocytes from NOD Mice
in the Pre-Pathology Stage
DOROTHY N. KAKOOLA, DWAIN WOODE, IVAN C. GERLING, Memphis, TN

Islets leukocytic in Itration starts at 3% weeks of age in NOD mice (a
model for DM1). Previously, we reported oxidative stress and oxidative
phosphorylation abnormalities in the heart of NOD mice at 4 weeks of age.
We investigated whether these abnormalities also occur in leukocytes, the
effector cells of autoimmunity.

We isolated spleen leukocytes from 4 wk-old NOD mice and two control
strains (NOR, C57BL/6 (B6)) and assayed steady-state levels of 5 mito-
chondrial parameters: 3 by ow cytometry (Table; n=4-9, *p )0.05 compared
to B6, Student s t-Test) and 2 by commercial kits (n=5).

Compared to B6, NOD had signi cantly elevated mitochondrial mass in all
leukocyte subsets (Table) and increased activity of oxidative phosphorylation
complex|Vintotal leukocytes (1.3 vs. 1.0, p < 0.01). NOD B-cells but not T-cells
had elevated mitochondrial membrane potential (6”m) and reactive oxygen
species (ROS) compared to B6 (Table). NOR shared the above phenotypes
with NOD. Unlike NOD, NOR leukocytes had signi cantly elevated total
antioxidant capacity (which may neutralize the increased ROS) compared to
B6 (1.3 vs. 1.0, p<0.003).

Phenotype Cell Subset NOD NOR B6
Mitochondrial CD4 T-cells 1.64* 1.49* 1
Mass CD8 T-cells 2.00* 1.46* 1
B cells 1.45* 1.39* 1
A™m CD4 T-cells 1.02 0.96 1
CD8 T-cells 113 1.06 1
B cells 2.62* 2.59* 1
ROS CD4 T-cells 0.87 1.02 1
CD8 T-cells 1.00 117 1
B cells 2.27* 2.92* 1

NOD and NOR (unlike B6) share several diabetes susceptibility genes.
However, NOD but not NOR develop diabetes. Our study identi ed
mitochondrial abnormalities shared by NOD and NOR. These may represent
defects that are permissive but not suf cient for initiation of autoimmunity.
Additional defects unique to NOD appear to be required to initiate the
pathogenic process. Overall, the results are consistent with our ndings
in the heart - a tissue not subject to autoimmunity. This suggests that the
abnormalities may be due to intrinsic genetically coded defects rather
than autoimmune activation. In summary, we identi ed multiple types of
mitochondrial abnormalities in leukocytes of NOD mice in the pre-pathology
stage of DML.

& 1458-P
Reduced Antioxidant Defenses in NOD Islets Subjected to Hyper-
glycemia
NARINA'Y. BABURYAN, NATALIYA I. LENCHIK, IVAN C. GERLING, Memphis, TN

We hypothesized that the antioxidant defense response to hyperglycemia
of pancreatic islets from NOD mice may be defective.

Islets were isolated from 4 week-old female NOD (n=5) and C57BL/6 (B6)
control mice (n=5). After culture for 16 hrs in low (3.5 mmol) or high (16.5
mmol) glucose we isolated RNA and conducted real-time quantitative RT-
PCR using primers for the major antioxidant enzymes; glutathione peroxidase
(GPX), Catalase, and Superoxide dismutase 1 (SOD2).
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Antioxidant expression in islets cultured in low glucose showed only
minor and non-signi cant differences between strains [expression in NOD
was 94% (GPX), 140% (Catalase) and 74% (SODZ) of B6 islets]. In contrast to
similarity in baseline expression, we found signi cant strain differences in
the antioxidant response to the metabolic stress of high glucose exposure
(table). High glucose reduced GPX expression to 8% of low glucose levels
in NOD mice, but only to 34% in B6 mice. High glucose increased Catalase
expression to 430% of low glucose levels in B6 mice, but only to 164% in
NOD mice. Expression of SOD1 was not signi cantly affected.

C57BL/6 NOD
Low Glucose High Glucose Low Glucose High Glucose
GPX 1.00 0.34 1.00 0.08*
Catalase 1.00 4.30* 1.00 1.64
SOD1 1.00 0.80 1.00 1.14

*P<0.05 compared to islets cultured in low glucose, Students t-test

Pancreatic islets have low intrinsic antioxidant enzyme expression that
renders them vulnerable to oxidative stress. Our data demonstrate that
baseline expression of three major antioxidant enzymes (GPX, Catalase
and SOD) did not differ between diabetes susceptible NOD and B6 control
mice. However the antioxidant response of NOD islets to glucose was
considerably less ef cient than B6. That may leave islets of NOD mice more
prone to oxidative damage when exposed to high levels of glucose. This
data is consistent with our previously reported observation that in a tissue
with high metabolic activity (heart) the total antioxidant capacity of NOD
is less than 25% of that found in B6 mice. This suggests that NOD mice
have intrinsic defects making their islets vulnerable to oxidative damage and
targeting by the immune system when exposed to metabolic stress.

& 1459-P

Beta-Cell Function Variation in Latent- and Acute-Onset Type 1
Diabetes: Better Indication with the Initial Fasting C Peptide Levels
XIA LI, GAN HUANG, ZHIGUANG ZHOU, Changsha, China

Autoimmune diabetes is a heterogenic disease that is classi ed into the
type 1 diabetes (T1DM) and latent autoimmune diabetes of adults (LADA).
However, the disease onset is not paralleled with the decreasing speed
of beta cell function. We proposed that the initial beta cell function was
the most useful marker for differentiating and classifying autoimmune
diabetes. In this study, 527 autoimmune diabetic patients, de ned by the
presence of glutamic acid decarboxylase antibody, were followed up to 48
months to assess their beta cell function by the fasting C peptide levels.
Beta cell function failure was de ned as that the fasting C peptide and
postprandial C peptide levels less than 100 pM and 150 pM, respectively.
Three outcomes were observed in these patients: beta cell function failure
occurred at the onset of the disease, developed during the follow-up, and
was not observed during the follow-up. Among all 258 TIDM cases, 83.7%
(216 patients) of individuals developed beta cell failure at the onset or during
the study whereas only 24.5% of LADA patients developed beta cell failure
at the onset or during follow-up of the study. When classi ed by fasting C
peptide concentration with >300 pM (B+ group) and <300 pM (B- group), the
proportion of patients with beta cell function failure was 13.1% in B+ group
and 90.5% in B- group, suggesting that fasting C peptide levels was a better
indicator for classi cation of the heterogeneity in autoimmune diabetes.
By this criterion, the proportion of latent patients was higher than that
by the typical LADA classi cation. ROC analysis suggested that the fasting
C peptide level of 300 pM was optimal for determining beta cell function
failure with sensitivity of 90.5% and speci city of 86.9%. The sensitivity
and speci city of the fasting C peptide level of 200 pM were 96.3% and
80.7%, respectively; and of 400 pM were 78.6% and 87.9%, respectively.
We concluded that the initial level of fasting C peptide, instead of the age
of onset, is a better criterion for predicting beta cell function failure in
autoimmune diabetes.

& 1460-P
Small Molecule Modi cation of the IL-2 Receptor: Implications for
Therapy in Type 1 Diabetes
MAIGAN A. HULME, CLIVE H. WASSERFALL, TODD M. BRUSKO, MICHAEL
J. HALLER, DESMOND A. SCHATZ, DAVID A. OSTROV, MARK A. ATKINSON,
Gainesville, FL
Multiple abnormalities in the interleukin 2 (IL-2) signaling pathway have
been associated with the pathogenesis of type 1 diabetes (T1D) in both NOD
mice and humans. IL-2 has diverse immune functions: it maintains tolerance
through regulatory T cell (Treg) populations, yet it also in uences effector
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T cell proliferation and activation induced cell death (AICD). Reduced IL-2
responses in T1D thus fail to support proper immunoregulation. We sought
to increase IL-2 signaling by targeting the IL-2 receptor complex with small
drug-compatible compounds. In silico af nity binding analysis was used
to identify compounds capable of interacting with the receptor. 240 lead
compounds with the highest af nity scores were tested at 10 uM versus
vehicle (DMSO) treatment on stimulated (soluble anti-CD3/CD28) human
peripheral blood mononuclear cells (PBMC) from healthy controls. 16
compounds were identi ed that repeatedly caused a signi cant (p<0.05)
change in proliferation and soluble CD25 (sCD25) production. These were
subsequently tested for their ability to modulate puri ed human CD4+ T
cell responses to stimulation with microbeads coated with anti-CD3/CD28.
Proliferation of responding T cells was assessed by CFSE dilution, along
with Treg phenotypic markers and measurements of AICD. One compound
in particular was identi ed that potently prevented division of CD4* T cells
(n=5, p<0.01). Cultured, treated cells displayed increased levels of active
Caspase 3 in cell lysates suggesting AICD. The mechanism for this altered
cell division did not appear to be due to nonspeci c cytotoxicity, as cells
produced similar levels of sCD25. Cells cultured for 96 h in the presence
of the compound displayed increased frequencies of cells expressing Treg
markers including glucocorticoid-induced tumor necrosis factor receptor
(GITR) (n=4, p<0.01), as well as coexpression of the natural Treg markers
FOXP3 and Helios (n=5, p<0.01). In sum, a rational drug design approach
identi ed target compounds capable of augmenting the IL-2 signaling axis,
forming a potential treatment for T1D either by enhancing the suppressive
capacity of Tregs, or driving effector cells toward AICD.
Supported by: NIH, Brehm Foundation

1461-P
CXCL10 Neutralization Plus CFA Leads to Remission of Autoimmune
Diabetes
YOICHI OIKAWA, YOSHIFUMI YAMADA, YOSHIAKI OKUBO, TAKESHI KATSUKI,
TOSHIKATSU SHIGIHARA, JUN-ICHI MIYAZAKI, HIROSHI ITOH, SHOSAKU
NARUMI, YOSHIHITO ATSUMI, AKIRA SHIMADA, Tokyo, Japan, Osaka, Japan

Type 1 diabetes is considered as a pancreatic beta cell-associated
Thi-type autoimmune disease. For cure of type 1 diabetes, elimination of
diabetogenic effecter cells and proliferation of beta-cells may be required.
Thus far, we reported that CXCL10 neutralization by CXCL10 antibody (Ab)
treatment can suppress the development of diabetes in non-obese diabetic
(NOD) mice through facilitating the proliferation of beta cells (Morimoto J
et al., J Immunol 2004. 173:7017-7024, Shigihara T et al., J Immunol 2005.
175:8401-8408). In this study, we performed CXCL10 Ab treatment by gene
transfer system and tried to reverse hyperglycemia in diabetic NOD mice.
CFA (Complete Freunds Adjuvant) was also administered to eliminate
diabetogenic effecter cells temporarily.

A higher frequency of remission was observed in CXCL10 Ab group (n=21)
than in control (CFA alone) group (n=19) (66.7% vs. 23.5%, respectively;
P<0.05). In the reversed NOD mice, most remaining islets were
hyperplastic and in peri-insulitis state, suggesting that beta cells were
possible to proliferate after CXCL10 Ab treatment. Moreover, splenocytes
from reversed NOD mice were able to induce the development of diabetes
in NOD-scid mice in adoptive transfer system, indicating that diabetogenic
effecter cells still remained in reversed NOD mice. In pancreatic lymph
nodes of NOD mice with remission of diabetes, relatively large numbers of
FoxP3-positive lymphocytes were observed. Moreover, FoxP3 and TGF-beta
mRNA expression levels were increased as compared to those in NOD mice
without remission of diabetes. These ndings suggest that islet-associated
autoimmunity combined with proliferation of residual beta cells led to an
ef cient remission of autoimmune diabetes.

1462-P
Differing In Vivoand In VitroEffects of Hyperglycemia on Innate
Immune Cell Activation
GOUTHAM GANESAN, PETER HORVATH, STACY OLIVER, FRANK P. ZALDIVAR,
GEORGIA BACHMAN, SHLOMIT AIZIK, PIETRO GALASSETTI, Irvine, CA
Chronic hyperglycemia (HG) is thought to cause in ammatory/vascular
complications in numerous ways. While some underlying metabolic path-
ways are relatively well studied, it is still unclear how HG directly affects
leukocyte function. Aiming to explore such effects on granulocytes (Gc)
and monocytes (Mc), we hypothesized that exposure to HG would induce a
change in expression of key activation and/or adhesion-associated surface
markers, such as CD11b, CD14, CD16, CD62L, CD66b. Both in vivo and in
vitro approaches were used. In vitro studies: blood from 8 healthy males
was incubated for 240 min in a hyperglycemic (22mM) environment. In vivo
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studies: in young adults, a variable iv. dextrose infusion induced HG of >
200 mg/dl for 240 min. On whole blood samples from all experiments Mc
and Gc were identi ed by light scattering patterns, and cell surface markers
measured via antibody staining and ow cytometry. While HG induced
marked changes in surface marker patterns in all experiments on Mc and Gc,
changes differed between in vitro and in vivo conditions. In vitro, for instance,
HG caused signi cantly greater CD11b expression at 90 minutes in both cell
types, and CD 66b in Gc; in vivo, however, an early (30 min), but transient
increase in CD14 uorescence was observed in Mc, and gradual decrease
over time in Gc (see Figure). While experimental differences between
conditions may account for part of the discrepancies our data indicate that
key immune cell-mediated pro-in ammatory effects of HG per se are likely
modulated by the simultaneous action of other endogenous factors. The
full understanding of these modulatory effects in the complex metabolic
milieu of in vivo HG may in turn provide the conceptual basis for prevention/
therapeutic intervention against long-term hyperglycemic complications.

CO14+CD16+ Granulocytes

CD 14 MFI
Percent Change
froem Base line:

CD4+CD16+ Monocytes

1 44 MFl
Percent Change
Finorm Baseline

-30.5%

Q 30 20 120 180 240

Time (min)

Supported by: NIH 1UL1IRR031985; P04HD048721

1463-P
DPP4Expressionin Peripheral Blood T Cells Is Related with Glucose
Control in Patients with Type 2 Diabetes Mellitus
JUNG-RE YU, YOUNGREE KIM, GWANPYO KOH, DAE HO LEE, Jeju, Republic of
Korea
Among the various functions of dipeptidyl peptidase 4 (DPP4, also
known as CD26), its actions on T cell function need to be studied further,
considering the relationship between in ammation and insulin resistance.
The present study was aimed to evaluate DPP4 expression on peripheral
blood T cells and its relationship with metabolic control in patients with
type 2 diabetes (T2DM). DPP4 expression was analyzed in blood CD4* and
CD8* T cells by FACScan ow cytometry. Then, the fractions of CD4* and
CD8* T cells expressing DPP4 were determined. A total of 120 T2DM patients
were included. Patients with systemic infectious or in ammatory disease,
advanced hepatic or systemic illness were excluded. When needed, the
data from T2DM patients were compared with data from normal subjects
without diabetes, patients with acute infection, and patients with acute
exacerbation of in ammatory diseases. Compared with age- and sex-
matched non-diabetic subjects (n=15), patients with T2DM have increased
fractions of CD4*DPP4* (mean - SE, 16.9 — 0.5 vs. 8.3 — 0.7%, p <0.01) and
CD8*DPP4* (6.1 — 0.4 vs. 3.0 — 0.2%, p <0.02) T cells. Those fraction values
in patients with T2DM were comparable to the respective values in the
patients with systemic infection or with in ammatory diseases (eg. RA, SLE).
In patients with T2DM, the fractions of CD4*DPP4* and CD8*DPP4* T cells
were positively correlated with fasting plasma glucose (FPG), hemoglobin
Alc (HbALC), and hs-CRP. On multivariate analysis, the fraction of CD4*DPP4*
T cells was related signi cantly to FPG (b=0.35, p<0.01) and HbALC (b=0.34,
p<0.01) after adjustment for age and hs-CRP. With the improvement in the
control of blood glucose during the follow-up in T2DM patients, the fraction
of CD4*DPP4* T cells decreased signi cantly (n=25, 21.1 - 1.4 vs. 15.7 - 1.3%,
p <0.01), with only a tendency toward decrease in the fraction of CD8*DPP4*
T cells. The present study shows that DPP4 expression on blood T cells is

For author disclosure information, see page 785.

related with the glucose control in patients with T2DM. Further studies are
required for the relationship between metabolic status and DPP4-related T
cell function in patients with T2DM.

1464-P
Enhanced Toll Like-Receptor 4-Mediated Proin ammatory Activity
of Adipocytes from Non-Obese Diabetic Mice
ANNA L. REINBECK, TINA MAERKER, JENNIFER KRIEBEL, VOLKER BURKART,
CHRISTIANE HABICH, D sseldorf, Germany

Toll like-receptor (TLR) 4 is a potent regulator of the progression of
in ammatory processes. TLR4 is expressed by various immune cell types
and by adipocytes. As recent studies indicate that adipocytes and their
mediators play a role in the pathogenesis not only of type 2 diabetes (T2D)
but also of T1D, it may be speculated that a genetic background predisposing
for diabetes affects TLR4-reactivity of adipocytes. Here, we investigated
whether the TLR4 reactivity of adipocytes is affected by the diabetes
predisposing genotype of the non-obese diabetic (NOD) mouse.

Primary adipocytes of C57BL-(TLR4** and TLR47), New Zealand obese-
(NZO) and NOD-mice were exposed to the TLR4 ligand lipopolysaccharide
(LPS). Interleukin 6 (IL-6) and monocyte chemoattractant-protein 1 (MCP-1)
release was quanti ed by ELISA.

LPS-exposed (100ng/ml) pre- and mature adipocytes of TLR4-expressing
C57BL-mice released 7-8 fold higher levels of IL.-6 and MCP-1 than cells of
TLR4-de cient animals (<0.2ng/ml IL-6 and MCP-1) (p<0.01), thus proving the
TLR4-dependence of in ammatory adipocyte activation. A potential impact
of a diabetes predisposing genotype on TLR4-mediated adipocyte activation
was studied by comparing LPS-reactivity of pre- and mature adipocytes from
different mouse strains. Unstimulated NOD-preadipocytes released higher
IL-6-(5.8-2.1ng/ml) and MCP-1-levels (22.1-8.3ng/ml) than cells of C57BL-
(2.4-1.9ng/ml IL-6; 11.4-0.7ng/ml MCP-1) (p<0.05) and NZO-mice (0.7-0.8ng/
ml IL-6 (p<0.001); 20.1-10.1ng/ml MCP-1). LPS-exposed NOD-preadipocytes
also released higher IL-6-(32.1-9.1ng/ml) and MCP-1-levels (78.9-10.0ng/ml)
than cells of C57BL-(15.0-7.2ng/ml IL-6; 56.9-17.7ng/ml MCP-1) (p<0.05) and
NZO-mice (10.3-7.7ng/ml IL-6 (p<0.01); 37.7-16.2ng/ml MCP-1 (p<0.001)).
Mature adipocytes of all three mouse strains spontaneously released
comparable low levels of IL-6 (1.0-9.8ng/ml) and MCP-1 (13.3-27.1ng/ml) and
elevated IL-6- (7.7-23.4ng/ml) and MCP-1-levels (44.1-84.9ng/ml) after LPS-
exposure.

From our data we conclude that (pre-)adipocytes of autoimmune diabetes-
prone NOD-mice exhibit increased TLR4-mediated in ammatory reactivity
which may affect diabetes progression.

1465-P
Functional Characterization of CLEC16A in Natural Killer (NK) Cell
Lines
MARINA BAKAY, RAHUL PANDEY, LINDA MONACO-SHAWVER, JOSEPH GLESS-
NER, CECILIA KIM, FRANK MENTCH, JONATHAN BRADFIELD, STRUAN GRANT,
CONSTANTIN POLYCHRONAKOS, JORDAN ORANGE, HAKON HAKONARSON,
Philadelphia, PA, Montreal, QC, Canada
Genome-wide association studies showed association of CLEC16A SNPs
with T1D. The highest levels of CLEC16A expression were identi ed in NK
cells. In experimental models of T1D, NK cells are required for development
of disease. De ning the role of CLEC16A in NK cells will likely provide
insight into the pathogenesis of T1D. We reported previously that protective
alleles of CLEC16A are associated with higher levels of the protein. Recent
studies of CLEC16 othorlogues have de ned regulatory roles for the protein
in regulating endosomal traf cking. Thus, we hypothesize that CLEC16A
functionsin NK cells torestrain secretory functions including cytokine release
and cytotoxicity after activation. To determine if level of CLEC16A effects
NK cell secretory functions we studied consequences of knockdown and
overexpression of this protein in NK cells. In de ning CLEC16A expression in
various NK cell lines we discovered several previously unreported isoforms.
Studies of the relevance of these are ongoing. Using a retroviral expression
system we created NK cell lines stably overexpressing the canonical form
of CLEC16A with GFP reporter. Expression has been validated by Western
blot analysis and functional studies of these cells are in progress. We also
designed siRNA directed against CLEC16A that should impact all isoforms.
Optimized protocols using CLEC16A siRNA enabled 70% reduction in Clec16A
protein levels in NK cells; this resulted in a 35% increase in cytotoxicity
compared to cells receiving control siRNA. Our results indicate that Clec16A
serves a role in restraining NK cell function. The mechanism for this effect
as well as its impact upon other secretory functions such as the release
of in ammatory mediators, represents our immediate focus. We predict a
role for CLEC16A in regulating the secretory pathway in NK cells that can
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be accessed as a rheostat relative to the degree of CLEC16A expression.
Our ongoing mechanistic studies will give unprecedented insight into in the
immunopathogenesis of T1D. Improved understanding of this novel T1D-
linked gene and the protein it encodes will likely suggest new therapeutic
interventions relevant to regulating autoimmune reactivity in T1D patients.

1466-P
Induction of GRP78/GRP94 Expression Inhibits TLR4-Induced
Endoplasmic Reticulum Stress (ERS)
ANDRESSA COOPE, LICIO A. VELLOSO, Campinas, Brazil
TLR4 activation and ERS are two of the most important mechanisms
connecting excessive fat with insulin resistance. Recently, it was shown that
activation of TLR4 can, per se, induce ERS, suggesting that this is a primary
event in the induction of the cellular stress that leads to in ammatory gene
expression. However, the mechanisms linking these molecular events are
unknown. During the assembly of newly translated TLR4 molecules, the
chaperones GRP78 and GRP94, escort the protein to the cell membrane.
Under TLR4 prolonged activation, the demand for newly synthesized
molecules increase, and thus, the demand for chaperones. Therefore, we
hypothesized that upon TLR4 activation, its protein synthesis would not be
matched by the expression of chaperones, thus, triggering ERS. To test this
hypothesis, the macrophage cell line THP-1 was incubated with LPS and
the expression/activation of proteins involved in ERS was determined by
real-time PCR and immunoblot. In some experiments, cells were deprived
of glucose or treated with siRNA to increase or decrease, respectively, the
expression of the chaperones. Time-course experiments revealed that LPS
led to a 2.5-fold increase of TLR4 expression starting as early as 8h, peaking
after 24h and remaining signi cantly increased after 48h. The expression of
GRP78 underwent a 3-fold increase with a sharp rise at 24h, while GRP94
increased by only 1.5-fold with a peak at 2h and an early return to base-
line levels. LPS-induced ERS was detected as early as 4h after stimulus as
detected by the evaluation of PERK/elF2 _, IRE2 and ATF6 pathways. Strong
signals of ERS were still present after 48h. The pre-incubation of THP-1 in
glucose-deprived medium produced 2.5- and 11-fold increases of GRP94
and GRP78 expressions, respectively. Upon glucose-deprivation, LPS no
longer induced ERS. Inhibition of chaperone expression by siRNA completely
abrogated the effect of glucose deprivation to protect cells from LPS-
induced ERS. Thus, the hyperexpression of GRP78 and GRP94 protect cells
form LPS-induced ERS. Defective TLR4-induced chaperone expression is a
candidate mechanism involved in the integration of TLR4 signaling and ERS.
Supported by: FAPESP

1467-P
Mechanisms of the Progress in Periodontitis under the Diabetic
Condition
TORU NISHIKAWA, KEIKO NARUSE, YASUKO KOBAYASHI, SHINICHI MIYAJIMA,
MAKOTO MIZUTANI, TAKESHI KIKUCHI, KYOKO SOBOKU, TAKAHIRO TOSAKI,
NORIKAZU OHNO, TOSHIHIDE NOGUCHI, TATSUAKI MATSUBARA, Nagoya, Japan

To clarify the mechanisms that progress periodontitis in diabetes, we
have developed experimental periodontitis in diabetic rats and evaluated
tissue blood ow, mRNA expressions and alveolar bone absorption and
immunohistological staining of gingiva.

Diabetes was induced by an intraperitoneal injection of STZ (60mg/Kg)
into Sprague-Dawley rats. Two weeks after induction of diabetes, surgical
nylon thread was ligated around the cervical portion of the maxillary second
molar (M2) without damaging the gingival tissue to invoke experimental
periodontitis. The M2 on the opposite side remained without ligation as
the control side. Periodontitis was evaluated at two weeks after the M2
ligation.

Blood ow in gingival tissue of the control side in the diabetic rats was
signi cantly lower than it that in the normal rats. Ligation signi cantly
increased gingival tissue blood ow, although the value of blood ow was
still lower in diabetic rats compared with normal rats. Ligation increased
mRNA expressions of TNF- _ and iNOS in gingival tissue. Ligation in
diabetic rats signi cantly increased both TNF-a and iNOS by 5.2 times and
2.1 times, respectively, compared with that in normal rats. Alveolar bone
resorption was observed by ligature in both normal and diabetic rats. The
degree of alveolar bone loss was signi cantly higher in ligation side of
diabetic rats compared with normal rats. Histological analyses showed that
in ammatory cell in Itration in the gingival tissue was revealed in ligation-
induced periodontitis in both normal and diabetic rats. The number of
in ammatory cell in Itration by ligation was signi cantly higher in diabetic
rats. Nitrotyrosine in the gingival tissue was observed in ligation-induced
periodontitis in both normal and diabetic rats. The number of nitrotyrosine

A ADA-Funded Research & Guided Audio Tour poster

A403

positive cells in periodontitis was signi cantly higher in diabetic rats
compared with that in normal rats.

Inconclusion, ligation-induced plaque develops severe in ammatory
responseindiabeticrats. Nitrosylationby increased iNOS may play animportant
role in the aggravation of periodontitis under the diabetic condition.

1468-P

Medium Chain Acylcarnitines Activate Pro-In ammatory Signaling
Pathways
JENNIFER M. RUTKOWSKY, TRINA A. KNOTTS, COLIN S. MCCOIN, SHURONG
HUANG, KIKUMI D. ONO-MOORE, RYAN G. SNODGRASS, SEAN H. ADAMS, DANIEL
H. HWANG, Davis, CA

In ammatorystressanddysregulated “-oxidationoffattyacidsare features
of insulin resistance and type 2 diabetes mellitus (T2DM). Hypothesized links
between the two are by-products of inef cient “-oxidation that activate pro-
in ammatory pathways, in turn impinging upon insulin signaling cascades.
Our previous studies demonstrated that plasma levels of medium-chain
acylcarnitines (AC) are elevated in human T2DM, and D,L mixed isomers of
C12- or C14-carnitine activate the pro-in ammatory NF @ signaling pathway
in RAW264.7 cells. Here, we determined whether the physiologically
relevant L-Cl4-carnitine stimulates pro-in ammatory signaling pathways.
L-C14-carnitine activated NF @ and induced phosphorylation of JNK and
ERK, common downstream components of many pro-in ammatory signaling
pathways derived from pattern recognition receptors (PRRs). L-C14-carnitine
(5-25 #M) also induced the expression of pro-in ammatory markers (e.g.,
COX-2, TNF ) and triggered cytokine release in RAW264.7 cells. In addition,
L-C14-carnitine promoted IL-8 secretion from human epithelial cells (HCT-
116) known to respond to PRR ligands. Insulin receptor signaling is known
to be impaired by activation of these pro-in ammatory signals. Therefore,
our nding that a medium-chain AC triggers pro-in ammatory signaling
pathways suggests a possibility that dysregulated “-oxidation of fatty acids
is linked to the development of insulin resistance through a mechanism
involving acylcarnitine-induced in ammation.

Supported by: USDA-ARS WHNRC Program Funds, NIH DK 078328-02S1 & DK
064007

1469-P
Obesity and Insulin Resistance in Mice Lacking ASC
CHENGCHENG JIN, XIAONING FAN, ROBERT SHERWIN, RICHARD A. FLAVELL,
New Haven, CT

Pro-in ammatory cytokine IL-18 has recently been suggested to diminish
weight gain and its adverse metabolic effects. Processing of IL-18 requires
cleavage by caspase-1, whose activity is tightly controlled by innate immune
complexes de ned as in ammasomes. ASC is a central component of
several in ammasomes, including the NLRP3 in ammasome, which leads to
the stimulation of IL-18 production. By analyzing the metabolic parameters of
mice genetically de cientin ASC, IL-18 and NLRP3, we aim to investigate the
molecules in the in ammasome pathway that may initiate the development
of metabolic dysfunction.

When fed on regular chow diet, ASC and IL-18 de cient mice over time
developed obesity. At 20 weeks of age, male Asc-/- mice had 15% greater
total body mass and 30% more fat-pad mass than WT mice. After an
overnight (12h) fast, Asc-/- mice exhibited mild hyperglycemia (150 — 10 vs.
117 -4 in WT and 108 - 5 in NIrp3-/-) and a small elevation in plasma insulin.
Weight gain and glucose homeostasis of NIrp3-/- mice did not differ from
WT mice.

When exposed to high fat feeding, Asc-/- mice gained weight faster
than WT. After 12 weeks Asc-/- mice developed fasting hyperglycemia and
hyperinsulinemia as well as impaired glucose tolerance (Img glucose per
kg of body weight was injected intraperitoneally, see tablel). IL-18-/- mice
exhibited very similar metabolic phenotypes with Asc-/-, but NIrp3-/- mice
did not.

WT Asc-/- p value
Fasting glucose (mg/dL) 123-6 164 -11 0.0057
Fasting insulin (ng/mL) 2.112-0.323 4148-0.793  0.0315
Glucose-60 (mg/dL) 562 — 64 742-33 0.0225
Glucose-90 (mg/dL) 534 - 63 755- 42 0.0092
Glucose-120 (mg/dL) 486 - 64 714- 60 0.0179

We conclude that chow-fed Asc-de cient mice develop obesity and
impaired glucose homeostasis and that they are more prone to develop
diabetes when given a high fat diet. This pattern was also seen in IL-18
de cient mice, which is downstream from ASC, but not in NIrp3-/- mice.

For author disclosure information, see page 785.
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Since IL-18 production requires in ammasome activation which can occur via
ASC or NLRP3, our data suggest that stimulation of the ASC-IL-18 pathway
may attenuate the development of obesity and hyperglycemia.

1470-P
Prevention of Autoimmune Diabetes and Induction of B-Cell Pro-
liferation in NOD Mice by Hyperbaric Oxygen Therapy
GAETANO FALEO, CARMEN FOTINO, NICOLA BOCCA, R. DAMARIS MOLANO,
ELSIE ZAHR-AKRAWI, JUDITH MOLINA, SUSANA VILLATE, OLIVER UMLAND,
ALLISON L. BAYER, JAY S. SKYLER, CAMILLO RICORDI, ANTONELLO PILEGGI,
Miami, FL

Hyperbaric Oxygen Therapy (HOT) has been attributed immunomodulatory
and tissue repair properties. We sought to assess the effects of HOT on auto-
immune diabetes development in female Non-Obese Diabetic (NOD) mice.

Ten-week old mice received HOT (60-min daily at 2.0 ATA) with 100%,
21% or 12% oxygen or no hyperbaric treatment starting one week before
cyclophosphamide (CyP) injection (accelerated diabetes onset model).
Diabetes occurred with comparable tempos in 79% of controls (n=24), 100%
of HOT-12% (n=6) and 80% of HOT-21% (n=10), while only in 47.8% of HOT-
100% (n=23; p<0.01) that displayed lower insulitis scores than controls.

In other experiments, HOT was given to 4-wks old mice until 30 weeks of
age. Mice were monitored for spontaneous diabetes onset that occurred in
82.8% of untreated controls (n=20), 60% of HOT-21% (n=20; p=0.036) and
48.5% of HOT-100% (n=20; p=0.002).

Furthermore, 14-wks old pre-diabetic mice received no treatment or a
2-week course of HOT-100%. When compared to controls, HOT-100% lowered
insulitis scores and was associated with increased CD62L expressionin T cell
subsets (p<0.04), reduced co-stimulation molecules (CD40, CD80 and CD86;
p )0.02) and MHC-II expression (p=0.025) in dendritic cells. *-cell apoptosis
(TUNEL+Insulin+ cells) also was signi cantly reduced in HOT-100% mice
(p<0.02) and paralleled by increased proliferation rates (bromodeoxyuridin
incorporation) in insulin+ cells than controls (p<0.001).

Our data suggests that HOT can signi cantly reduce autoimmune diabetes
incidence in NOD mice via reduction of insulitis, increased memory T cells
and reduced activation of dendritic cells, while preserving -cell mass via
reduction of apoptosis and increased proliferation. The safety pro le and
non-invasiveness make of HOT an appealing adjuvant therapy for diabetes
prevention and intervention trials.

Supported by: Diabetes Research Institute Foundation; Converge Biotech, Inc.

1471-P
Saturated Fatty Acid (SFA) Palmitic Acid Can Directly Activate TLR4
and NOD2
RYAN G. SNODGRASS, SHURONG HUANG, KIKUMI D. ONO-MOORE, JENNIFER
M. RUTKOWSKY, SEAN H. ADAMS, DANIEL HWANG, Davis, CA

It has been demonstrated that Toll-like receptor 4 (TLR4) and TLR2 can
be activated by SFAs but inhibited by docosahexaenoic acid (DHA) and that
TLR deleted/mutant mice are protected from saturated fat diet-induced
proin ammatory responses and insulin resistance. However, one report
(ATVB 11:1944, 2009) suggested that SFA-induced TLR activation in cell
culture systems is due to contaminants in BSA used for conjugation of fatty
acids. This report cast doubt about the proin ammatory effects of SFAs. Here
we present multiple lines of evidence for fatty acid-speci ¢ proin ammatory
effects of SFAs mediated through TLR4 and NOD2.

Sodium palmitate (in THP-1 monocytes) or laurate (in RAW264.7
macrophages) without BSA conjugation induced phosphorylation of INK and
ERK, and TLR target gene expression when cultured in a low FBS (0.25%)
medium. Palmitate and laurate without BSA conjugation induced TLR4
dimerization (direct readout for TLR4 activation) in a pro-B cell line stably
transfected with GFP-TLR4, Flag-TLR4 and MD2. Since BSA was not used in
these experiments, contaminants in BSA have no relevance in interpreting
these results. LPS-induced, but not SFA-induced, TLR4 target gene
expression was abolished by Polymixin B indicating SFA-induced TLR4 target
gene expression is not due to LPS contamination in SFA preparations. Unlike
in suspension cells (THP-1), BSA conjugation is required for palmitic acid (PA)
to induce TLR target gene expression in adherent cells (RAW264.7). BSA
(Fitzgerald cat# 30-AB79) alone at concentrations used for conjugation of
PA did not induce TLR target gene expression. Furthermore, BSA-conjugated
PA but not BSA alone induced dimerization of NOD2 in 293T cells in which
HA- and Flag-tagged NOD?2 are transfected. Together, these results indicate
that SFA-induced TLR4 and NOD2 activation is a fatty acid-speci c effect,
not due to contaminants in BSA.

Supported by: USDA-ARS WHNRC Program Funds and NIH Grants DK064007,
DK078328-02S1

For author disclosure information, see page 785.
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1472-P
Toll-Like 2 Receptor Agonist, Pam3Cys-Ser-(Lys) 4-Trihydrochloride
(Pam3) Enhances and Promotes Diabetes in MLD-STZ Induced
Diabetes
ERIC MENSAH-BROWN, ALLEN SHAHIN, MARIAM AL SHAMSI, MIODRAG
LUKIC, Al Ain, United Arab Emirates, Kragujevac, Serbia and Montenegro
Toll-like receptors (TLRs) sense exogenous microbial components and
recognize endogenous material released as a result of cellular injury. They are
primary sensors of both innate and adaptive immune systems and may play
an important role in the induction of autoimmunity. TLR2 activates antigen
presenting cells, in uences the function of primed and memory T cells the
development of in ammatory autoimmune response. Using the multiple
low doses of streptozotocin model of diabetes, we have demonstrated
that the synthetic bacterial lipoprotein TLR-2 agonist, Pam3Cys-Ser-(Lys)
4-trihydrochloride (Pam3) enhanced and promoted diabetes in susceptible
male C57BL/6. Diabetes was associated with sustained hyperglycemia and
reduction of insulin producing beta cells in the islet of Langerhans. FACS
analysis also revealed that the most predominant cytokine in disease mice
is tumor necrosis factor (TNF) even though both interferon gamma and
interleukin-17, more so the latter, were also more signi cantly produced in
Pam-3-treated mice. Interestingly, although diabetogenesis was abrogated
is mice de cient in TNF and IFN- adisease persisted in IL-17 de cient mice.
Additionally, pam3 induced thl related genes. TLR-2 agonists diabetogenic
effect might therefore be dependent at least locally, on the IL-12/IFN- axis.
Supported by: Grant from FMHS, Shk. Hamdam award for Medical Sciences
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Guided Audio Tour: Enhancing Islet Engraftment and Function
(Posters 1473-P to 1478-P), see page 11.

& 1473-P

Islet Neogenesis-Associated Protein-Related Pentadecapeptide
Enhances the Graft Function of Rats after Islet Transplantation
HENG CHEN*, XIAOZHU YU*, YUN WANG*, XINYU XU, KUANFENG XU, MEI
ZHANG, TAO YANG, Nanjing, China

To investigate the effects of a pentadecapeptide with 104-118 amino acid
sequence of islet neogenesis-associated protein related pentadecapeptide
(INGAP-PP) on the graft function of rats after islets transplantation. Islets
isolated from male adult wistar rats were cultured in RPMI 1640 with or
without INGAP-PP (10 Hg/ml). After 24 hours culture, the survival rate and
glucose-stimulated insulin secretion (GSIS) test were measured and the
expression of genes of Bcl-2 and Akt were detected by RT-PCR assay. The
islets of two groups were transplanted under the renal capsule to healthy
rats, and rats were further divided into two groups with INGAP-PP or
saline injected in the abdominal cavity. One week later, the expression of
insulin, nestin, Pdx-1 and PCNA in the islets under the renal capsule were
observed in the four groups by immunohistochemistry and the expression
of insulin, VEGF, nestin, ngn-3, pdx-1 and PCNA in the pancreas were also
detected. The amount of insulin released was increased in co-cultured
group in concentration of 16.7mmol/L glucose, which was (185.00-20.01) vs
(58.67-17.03) J/ml. The stimulating index of co-cultured group (5.10-2.35)
was higher than that of control group (1.92-0.42); Gene expression of Bcl-
2 (0.61-0.22 vs 0.50-0.21) and Akt (1.12-0.19 vs 0.94-0.16) in co-cultured
group were increased compared with that of control group; Islets survival
in co-cultured group (683.9-7.08) was higher than that of control group
(547.9-8.02). After transplanted under the renal capsule to healthy rats,
islets which were co-cultured and injected with INGAP-PP had the best
survival state, the nestin expression of which was signi cantly higher.
INGAP-PP can reduce the apoptosis of pancreatic islets and maintain islet
function after co-cultured in vitro. This peptide also have a role in promoting
the islet neogenesis after transplantation.

Supported by: Natural Science Foundation of China (N0.30671010, No.30971405)
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& 1474-P
Short-Course Antioxidant Therapy and LFA-1 Blockade Prolong
Islet Allografts Survival
CARMEN FOTINO, R. DAMARIS MOLANO, ELSIE ZAHR-AKRAWI, JUDITH
MOLINA, MAITE LOPEZ-CABEZAS, GIULIA MERIZZI, ANTONIO SOLETI, LUCA
INVERARDI, CAMILLO RICORDI, ANTONELLO PILEGGI, Miami, FL, Torino, Italy

Our working hypothesis is that combinatorial treatments may enhance
the success of partially effective tolerogenic protocols for allogeneic grafts.
We therefore evaluated the impact of antioxidant therapy in combination
with blockade of Lymphocyte Function Associated Antigen-1 (LFA-1) on the
survival of fully MHC-mismatched allogeneic islet grafts.

Streptozotocin-induced diabetic C56BL/6 (H-2°) mice received under the
kidney capsule DBA/2 (H-29) islets pre-cultured or not with the antioxidant
Decanedioic acid his (1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) diester
dihydrochloride (100uM; lacvita, IAC, Medestea Research). Treatments consisted
of intraperitoneal administration of 100ug daily for 1 week of anti-LFA-1 antibody
(KBA clone) and/or 15-day antioxidant treatment with 15mg/kg/day IAC. Control
animals received no treatment or vehicle. Graft survival was monitored on
nonfasting glycemic values (rejection was de ned as NFG<200mg/dL).

Controls rejected their grafts with a median survival time (MST) of 15
(range 7-24) days (n=12). IAC treatment alone was associated with a MST of
7(6-100) and 17 (12-19) days (n=3 and 4, respectively with or without in vitro
IAC; p=N.S.). Anti-LFA-1 alone resulted in long-term (>100 days) survival in
62.5% of the recipients (n=8; p=0.03 vs. control). Combinatorial treatment
yielded 100% long-term (>100 days) graft survival (n=3 and n=4, respectively,
with or without in vitro IAC; p<0.014 vs. control; p<0.03 vs. IAC).

Our data indicates that peri-transplant treatment with anti-LFA-1 antibody
results in long-term survival of islet allografts in only a proportion of the
recipients. A synergistic effect of the combinatorial treatment of anti-LFA-1
Abwith IAC, an antioxidant drug, was observed in this model with all animals
maintaining a functional graft long-term. The use of antioxidants, such as
IAC, may represent a viable strategy to enhance the success of tolerance
inducing protocols.

Supported by: Diabetes Research Institute Foundation

& 1475-P
Antioxidant Treatment Improves Human Islet Function In Vivo
CARMEN FOTINO, R. DAMARIS MOLANO, RYOSUKE MISAWA, JUDITH
MOLINA, ELSIE ZAHR-AKRAWI, MANUELA MARTANO, ANTONIO SOLETI, LUCA
INVERARDI, CAMILLO RICORDI, ANTONELLO PILEGGI, Miami, FL, Torino, Italy

Oxidative stress may induce dysfunction and death of islet beta-cells
in the context of islet transplantation, where they are exposed to noxious
stimuli impairing engraftment. Antioxidant treatment may improve islet cell
viability and function. lacvita [IAC; decanedioic acid bis(1-hydroxy-2,2,6,6-
tetramethylpiperidin-4-yl) diester dihydrochloride] is a new antioxidant agent
with proven cytoprotective effects on islet cells in vitro and in experimental
models of type 2 diabetes. The present study aimed at evaluating the effects
of IAC on human islet engraftment and potency into streptozotocin-induced
immunode cient mice.

Human islets were cultured for 24hrs with either IAC (100uM) or vehicle.
After culture, a suboptimal islet mass of 1,000 IEQ was transplanted under
the kidney capsule of diabetic athymic nu/nu mice. In this model, treatments
that can reduce in ammation and/or increase beta-cell engraftment result in
faster diabetes reversal in higher proportions of recipient mice than controls.
Recipients of IAC-treated islets were treated with a short-course (2 weeks)
IAC 15mg/kg/day starting on day 0. Controls received vehicle. Diabetes
reversal occurred in 44% of control animals (n=9) with an overall median
time of 29 days (range: 2-29). In the IAC group (n=9), 88.9% of the recipients
achieved normoglycemia with a median time of 6 days (range: 2-23).

Our preliminary data suggests that IAC treatment of human islets and in
the peritransplant period may enhance engraftment and in vivo function. The
antioxidant properties of IAC may be bene cial in reducing peri-transplant
injury and improve graft outcome.

Supported by: Diabetes Research Institute Foundation

& 1476-P
Nerve Growth Factor-Treated Islets Undergo Increased Apoptosis
after Intraportal Transplantation
YUKIHIKO SAITO, NATHANIEL KAI CHAN, JOHN CHRISLER, JOHN HOUGH, EBA
HATHOUT, Loma Linda, CA
Nerve growth factor (NGF) has recently been recognized as an angiogenic
factor in several tissues and is reported to play an important regulatory role in
pancreatic beta-cell function. We previously showed that revascularization
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and survival of islets transplanted under the kidney capsule were improved
by NGF. However, the usefulness of NGF in intraportal islet transplantation
remains unknown. To determine NGF s effect, we transplanted 360 islets
cultured for 24 hours with or without 2.5S mouse NGF (100 ng/ml) into the
portal vein of streptozotocin-induced diabetic Balb/c mice syngeneically
(control; n=6, NGF; n=6). Blood glucose was monitored up to post-transplant
day (POD) 28 and intraperitoneal glucose tolerance test (IPGTT) was
performed on POD 30. Histological assessments were performed for the
detection of insulin, vascular endothelial growth factor (VEGF), hypoxia-
inducible factor-1 _ (HIF-1 ) using immunohistochemistry and apoptotic
cells were detected using the TdT-mediated dUTP-biotin nick-end labeling
(TUNEL) method in harvested livers on POD 5. Results showed that 50% of
control and 16% of NGF-treated mice attained normoglycemia on POD 28
(control; 292-197 mg/dl, NGF; 437-145 mg/dI: p=0.178). The area under the
curve of IPGTT in the control group was considerably lower than that of the
NGF group (control; 33800-12700 min*mg/dl, NGF; 47600-10600 min*mg/dI:
p=0.0684). 23.8% (5/23) of transplanted islets in control and 52.9% (9/17)
of transplanted islets in the NGF group were positive for TUNEL (p=0.0650).
TUNEL-positive islets in both groups were in contact with ischemic liver
regions and expressed VEGF and HIF-1 _. TUNEL-negative islets in both groups
did not express VEGF and HIF-1 _, and the liver parenchyma in the immediate
vicinity appeared normal. The present study suggests that NGF treatment
of islets increases their apoptosis after transplantation into the liver. Pre-
transplant NGF treatment may impair the angiogenesis of intraportal islet
grafts. Our studies of NGF s effects on subcapsular versus intraportal islets
suggest that the effect of growth factors on islet transplantation may be
highly dependent on the transplant site.
Supported by: NIH/NIDDK #DK077541 (E.H)

& 1477-P
In ammation and Oxidative Stress in Islet Cell Transplantation
ALICIA J. JENKINS, ANDRZEJ S. JANUSZEWSKI, CONNIE S. KARSCHIMKUS,
DAVID N. O NEAL, TOM KAY, PHILIP O CONNELL, DAVID GOODMAN, GLENN
WARD, TOM MANDEL ISLET TRANSPLANT PROGRAM, Melbourne, Australia

Human islet cell transplantation is a treatment option for Type 1 Diabetes
(T1D) patients with frequent severe hypoglycemia, but tissue rejection is an
issue. In ammation and oxidative/nitrative stress are implicated in tissue
rejection. Immunosuppressive drugs suppress in ammation and rejection
but usually induce dyslipidemia. Levels of HDL-cholesterol, which has anti-
in ammatory, anti-oxidant, islet protective and insulin secretagogue effects
are increased by exogenous insulin, decreased by in ammation and usually
by immunosuppression drugs.

In the Tom Mandel Islet Transplant Program we determined ifin ammation
and oxidative/nitrative stress markers in serum differed in T1D ITP (n=9), T1D
Non-ITP (n=26) and non-diabetic Control subjects (n=47), and the effects of
ITP. Groups were matched for sex and BMI and all T1D subjects were free
of vascular complications. T1D ITP subjects were studied 0.6-0.8 (mean-SD)
years before and 1.5-0.6 years after ITP (and immunousuppression), which
reduced or abolished exogenous insulin need.

In ammation and oxidative/nitrative stress markers (Table) were less
adverse in T1D ITP, than in T1D No ITP and Control subjects and in ITP
subjects did not change post-ITP except for a rise in serum (HDL-related)
ApoALl levels: 1.74-0.40 mM to 1.98-0.35 mM; p=0.01.

T1D ITP patients have lower levels of in ammation and higher levels of NO
inhibitor ADMA than non-ITP T1D subjects and controls. From pre to post-
ITP levels of protective ApoAl increased but other in ammation, oxidative/
nitrative stress markers did not change.

Controls T1D No ITP Tid ITP
n=47 n=26 n=9

MPO ( g/L) 60.3-43.5 87.6-64.6 60.1-22.9
CRP (mg/L) 1.1(0.6-1.8) 12(06-19  026(0.2-0.3) zy
SICAM-1 (ng/ml) 243-53 276-78 193-55 zy
SVCAM-1 (ng/ml) 520-125 622-201 808-160 z
SE-Selectin (ng/ml) 44.3-26.5 54.9-36.4 239-116 zy
ADMA (ng/ml) 0.73-0.13 0.63-0.11 0.88-0.19 zy
Nitrite ( M) 139(7.1-238)  21.0(16.2-44.1) 7.2(2.9-47.4)
Adiponectin (ng/ml) 8997-2870 18135-5001 z  18100-73 z

Mean-SD or geometric mean (95% Cl); z p<0.05 vs. Con; y p<0.05vs. T1D
No ITP;  p<0.05 for ANOVA

For author disclosure information, see page 785.
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& 1478-P

Effects of All-Trans Retinoid Acid and Exendin-4 on NOD Mice with
and without Islet Transplantation
JYUHN-HUARNG JUANG, YANG-HAU VAN, Taoyuan, Taiwan

Type 1 diabetic patients have progressive decrease in pancreatic beta-
cell mass. Recent studies showed new beta-cell formation occurred even
after long-standing type 1 diabetes. Therefore, type 1 diabetes may be
treated by targeting inhibition of beta-cell destruction and promotion of
beta-cell regeneration. It has been shown that all-trans retinoid acid (ATRA)
hinders the development of autoimmune diabetes by inducing immune
tolerance status. In addition, exendin-4, a glucagon-like peptide-1 receptor
agonist, stimulates growth and differentiation of beta cells and exerts
antiapoptotic effect on beta cells. Thus we hypothesized that the ATRA
and exendin-4 therapy may prevent and rescue diabetes in NOD mice with
and without islet transplantation. In the rst experiment, NOD/scid mice
were intravenously transferred with splenocytes isolated from 12 week-old
female NOD mice. After adopted transfer, mice were treated with ATRA
(0.5 mg/mouse intraperitoneally qd), exendin-4 (3 mg/kg subcutaneously
bid) or ATRA+exendin-4 for 6 weeks. In either ATRA or exendin-4 treated
groups, all of recipient mice developed diabetes before 8 weeks. Only the
combination of ATRA and exendin-4 delayed the onset of diabetes till 10-12
weeks (p <0.05). In the second experiment, NOD mice were treated with
ATRA or exendin-4 after the onset of diabetes. All but one treated with ATRA
remained diabetic and the survival time was not different among control
(52-31 days), ATRA (45-19 days) and exendin-4 (62-34 days) groups. One
mouse achieved normoglycemia after ATRA treatment and is alive for 366
days with periodic hyperglycemia. In the third experiment, diabetic NOD
mice were transplanted with 300-600 islets from NOD/scid mice and then
treated with ATRA or exendin-4. All mice remained diabetic and the survival
time was not different among control (52-51 days), ATRA (101-101 days)
and exendin-4 (48-19 days) groups. In conclusion, the combination of ATRA
and exendin-4 is an effective intervention to prevent autoimmune diabetes.
However, ATRA and exendin-4 alone did not prevent or rescue diabetes in
NOD mice with and without islet transplantation.

1479-P

Encapsulated B-Cells Derived from Human Embryonic Stem Cells
Mature In Vivoand Ameliorate Diabetes in Mice
KAITLYN KIRK, ERGENG HAO, ASHLEY RUSSELL, LAURA MARTINSON, EVERT
KROON, PAMELA ITKIN-ANSARI, La Jolla, CA

The major obstacles to widespread application of a cell based therapy
for diabetes are the scarcity of human islets and the need for chronic
immunosuppression. Previously we determined that a subcutaneously
placed, durable, encapsulation device (TheraCyte, Inc.) protected murine
islets from both allograft rejection and autoimmune disease in the NOD
model of Type | diabetes. Moreover, in preclinical trials we established
that the device is also immunoprotective in primates. Our previous studies
further demonstrated that the device supported human b-cell function in
vivo, as encapsulated primary human fetal pancreatic endoderm (PE) cells
matured into fully functional “-cells in the device. The data suggested that
encapsulated human embryonic stem cell derived pancreatic endoderm
(hES derived PE), a potentially unlimited source of transplantable cells,
might also differentiate in vivo. To address this question SCID beige mice
were transplanted with encapsulated hES derived PE. The mice exhibited
measurable circulating human C-peptide within 7 weeks. Between weeks 7
and 14 both the level of maximally stimulated C-peptide and the stimulation
index (maximal/ fasted C-peptide) rose signi cantly. In vivo bioluminescent
imaging (BLI) of luciferase expressing hES derived PE showed that the
luciferase signal in the devices remained constant, suggesting that as the
capacity to release insulin increased greatly, the total cell mass within the
devices remained unchanged. BLI also revealed excellent containment of
cells within the device, an important safeguard for addressing concerns
about tumorigenicity of stem cell derived therapies. Remarkably, the level
of circulating C-peptide achieved from encapsulated cells was suf cient to
ameliorate diabetes in multiple cohorts of alloxan treated animals. The data
establish that subcutaneous placement of encapsulated hES derived PE is a
promising strategy for providing a widely available, minimally invasive, and
non-immunosuppressive transplantation therapy for diabetes.

Supported by: CIRM

For author disclosure information, see page 785.
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1480-P
Islet Transplantation in Daily Diabetes Care
ANDREAS REICHEL, BARBARA LUDWIG, ANNA WUNDERLICH, STEPHAN KERST-
ING, STEFAN LUDWIG, HANS-DETLEV SAEGER, STEFAN R. BORNSTEIN, Dresden,
Germany

A rare number of patients with type 1 diabetes (T1D) show highly labile
metabolic control and experience repeated, unpredictable and often life
threatening hypoglycaemia despite optimal insulin therapy. The combination
of abolished counterregulatory mechanisms and severe autonomous
neuropathy is often behind such condition. Patients are at high risk for
development of severe acute and chronic complications and quality of life
(QolL) is considerably impaired.

For that subset of patients, restoration of a basal endogenous insulin
secretion can substantially improve metabolic control and QoL. In our
experience, this is irrespective of complete insulin independency.

Here, we report on our two-year experience with islet transplantation (ITx)
as a potential option for T1D. All patients were recruited from our own clinic,
assuring patients compliance and therapy (long-term CSlI).

Up to date, 6 patients have been transplanted (single infusion;
10.200-3.7001EQ/kg) and followed for up to 24 months. All patients show
good graft function, stable glycemia with reduction in HbAlc, absence of
severe hypoglycaemia, and tremendous improvement in QoL. All patients
are kept on minimal insulin via CSII.

Glycemia
10+
ry
o4 A
- —h-
£ gl +
L A
g 74 Ay
I : & & '
6 "‘ Aua &
'y —
pre-Tx 3 H 12 18 24
months after Tx
Hypoglycemia
(BG < 2,8 mmolil)
1.754
1.50+
x 1.254
% 1.004
£ 0.754
2
@ 0,50+
0.254
0.00-
pre-Tx 6 12 18 24

months after Tx

In conclusion, ITx can be an excellent therapy for selected patients with
T1D. Key prerequisite for success is a strict indication. The primary goal for
ITx should be stabile glycaemic control and prevention of hypoglycaemia
rather than insulin independence. In fact, maintaining minimal exogenous
insulin may protect the islet graft from metabolic stress and exhaustion and
even prolong islet graft function.

1481-P
Role of Histomorphometrical Parameters Obtained in Biopsied
Donor Pancreas in Islet Isolation Using Adult Designated Pathogen-
Free Pigs and a GMP-Grade Enzyme
SANG-MAN JIN, KANG SEOK KIM, CHANG-HOON GONG, SU KYOUNG PARK,
JUN SEOP SHIN, SANG-JOON KIM, CHUNG-GYU PARK, Seoul, Republic of Korea
We reported that histomorphometrical parameters obtained in biopsied
donor pancreas predicted porcine islet yield and post-transplant outcome
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in advance of islet transplantation. To apply this result to a clinical trial, we
sought to identify the role of these parameters in the setting of islet isolation
using adult designated pathogen-free (DPF) pigs and a good manufacturing
practice (GMP)-grade enzyme.

We optimized the use of Liberase MTF C/T using 28 pancreata from a
local slaughterhouse. Using 30 DPF pigs within a closed herd, we compared
islet yield of porcine islets isolated with Liberase PI (n=11), Liberase MTF
C/T (n=12), and Clzyme collagenase MA/BP protease (n=7). We analyzed
histomorphometrical parameters of each donor pancreas and donor
characteristics such as age, gender, and body weight, in relation to diabetes
reversal rate of recipient NOD/SCID mice.

Proportion of islet larger than 200 #m in biopsied donor pancreas (p =
0.006) better predicted islet yield than age (p = 0.760) and body weight (p =
0.371) of donor. It was associated with body weight (p = 0.008), but not with
male gender of donor (p = 0.358). When optimized doses of Liberase MTF
C/T were used, the islet yield obtained with the three enzymes did not differ.
Proportion of islet larger than 100 #n in donor pancreas better predicted
post-transplant outcome (p = 0.013) than age (p = 0.738) and body weight
(p = 0.182) of donor. Cox regression model revealed use of enzymes other
than Liberase PI (p<0.001), higher proportion of large islet in donor pancreas
(p=0.006), and male gender of donor (p=0.025) were independent predictors
of earlier diabetes reversal.

In conclusion, predictive value of histomorphometrical parameters
obtained in biopsied donor pancreas for islet yield and post-transplant
outcome was still signi cant in islet isolation using adult DPF pigs and a
GMP-grade enzyme, where detailed donor characteristics are available.

Supported by: The Korea Health 21 R & D Project, Ministry of Health & Welfare
(A040004)

1482-P

Rosiglitazone Ameliorates Sirolimus-Induced Hyperglycemia
VIJAY SHIVASWAMY, CATHERINE TRAN, KARL LYDEN, CLAUDIA BORGESON,
MEGHAN GAULE, ROBERT G. BENNETT, FREDERICK G. HAMEL, JENNIFER L.
LARSEN, Omaha, NE

Post-transplant diabetes mellitus (PTDM) decreases graft and host
survival. Immunosuppressants are an important cause of PTDM. Our previous
studies have shown that tacrolimus (TAC) and sirolimus (SIR) can induce
hyperglycemia in normal rats, with SIR inducing greater hyperinsulinemia
compared to TAC, indicating insulin resistance. We hypothesized that
rosiglitazone (ROSI), given concurrently with SIR, can prevent altered glucose
and insulin homeostasis in our rat model. A total of 4 groups of normal
Sprague-Dawley rats (6/group) were treated with the following: SIR (0.8mg/
kg), ROSI (1.5mg/kg) or control (sun ower oil). Daily treatment included a
subcutaneous injection of SIR or CTRL and oral gavages of ROSI or vehicle
(water). Glucose measurements were performed daily on all rats. After 14
days of treatment, insulin tolerance tests were performed, where baseline
insulin and glucose were measured at 0 min and glucose alone at 15, 30,
60, and 120 minutes after intra-peritoneal injection of regular insulin (0.5u/
kg). The rats were then sacri ced and tissues were harvested for future
studies. Animals treated with SIR signi cantly increased mean random
glucose (182-22 mg/dl) (days 0-14) compared to control (99-4mg/dl) (p <
0.05). SIR increased HOMA-IR (1.9-0.5) and the glucose response to insulin
as compared to control (HOMA-IR: 0.2-0.05) suggesting insulin resistance
(p <0.05). Animals treated with SIR+ROSI had lower mean random glucose
(130-9mg/dl) as compared to those treated with SIR alone (182-22 mg/dl)
(p<0.05). ROSI did not improve the HOMA-IR or glucose response to insulin.
In conclusion, ROSI improved mean blood glucose after SIR treatment
but not the hyperinsulinemia or glucose response to insulin, suggesting a
mechanism other than improving insulin resistance. This is the rst study
to show that ROSI can improve immunosuppressant-induced hyperglycemia
and thus could potentially prevent PTDM. Future studies are needed with
pretreatment of rats with rosiglitazone.

1483-P

Systemic Review and Meta-Analysis: Islet Autotransplantion after
Pancreatectomy for Minimizing Diabetes and Mortality
MING DONG, AJAY K. PARSAIK, PATRICIA ERWIN, HASSAN MURAD, YOGISH C.
KUDVA, Rochester, MN

Islet autotransplantation (IAT) may decrease the mortality and morbidity
of post pancreatectomy diabetes. We performed a systematic review
to examine insulin independence (II) and mortality rate in patients that
underwent IAT post total (TP) or partial pancreatectomy (PP).

Ovid MEDLINE, EMBASE, Web of Science, SCOPUS, and reference lists
were searched until September 2010. Eligible studies enrolled adult patients
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for IAT after TP or PP, regardless of study design, sample size, and language.
Two investigators independently identi ed eligible studies, and extracted
data. 95% con dence intervals (Cls) were estimated from each study and
pooled using random effects meta-analysis.

After reviewing 341 abstracts, 96 studies were selected for full text
review and 15 were included in meta- analysis. A combined number of 357
patients underwent IAT post TP, and 30 post PP. Follow up ranged from 1-100
months. The Il rates for IAT post TP at last follow up and transiently during
the study were 3.88 per 100-person-years (95% Cl, 1.55-6.20; 12=97%) and
8.34 per 100-person-years (95% Cl, 3.32-13.37; 12=75%), respectively. In the
latter group, patients achieved transient Il lasting 15.57 months (95% Cl,
10.35-20.79; 1>=90%). Five studies with 224 patients had 26.8% Il at one
year, while three studies with 204 patients had 21.1% Il at two years. The
Il rate at last follow up for IAT post PP, was 24.28 per 100-person-years
(95% Cl, 0.00-48.96; 12=87%). Whereas the 30 day mortality for IAT post
TP and PP was 5% (95% Cl, 2-10%, 1>=0%) and 13% (95% Cl, 2-51%; >=50%)
respectively, the long-term mortality was 1.38 per 100-person-years (95% Cl,
0.66-2.11; 1>=0%) and 0.70 per 100-person-years (95% Cl, 0.00-1.80; 12=0%)
respectively. The overall quality of the evidence (i.e., strength of inference)
is low considering the observed heterogeneity (1>> 50%), the observational
nature of the evidence and imprecision (small number of patients).

IAT post TP or PP may offer some patients the chance for insulin
independence, without incurring any signi cant increase in mortality. Better
data reporting are essential to establish the risks and bene ts of IAT after
pancreatic surgery.

1484-P

The B-Air  AComprehensive Solution for Implanted Bio-Arti cial
Pancreas
URIEL BARKAI, AVRAHAM ROTEM, DIMITRY AZAROV, KARINA YAVRIYANTS,
TOVA NEUFELD, BARUCH ZIMERMAN, YOAV EVRON, Petach Tikva, Israel

The “-Air is a subcutaneously implantable bio-arti cial pancreas (BAP).
The mechanical platform of the device aims to resolve two critical points
that must be addressed before and implantable BAP could be created:
adequate oxygen supply and protection of donor islets against the host
immune system. The “-Air BAP consists of gure 1:

External
Grd

Tissue

/
!
Internal

Islets of Langerhans (IOL) immobilized in alginate hydrogel (Islets), gas
tank (O, Tank), gas permeable membrane, external Te on™ membrane and
mechanical supports (external and internal grids). The 15t “-Air prototype
device (Moranl) was supplied with atmospheric air every two hours.
Diabetic Lewis rats (n=17) were implanted with devices containing 2,100
iso-type islet equivalent (IEQ) or with identical dose of Sprague Dawley
(allo-type) islets at a density of about 850 IEQ/cm?. Following implantation,
diabetes indicators - IVGTT, non-fasting blood glucose (BG) and HbAlc
levels - all returned to near-normal values. Retrieval of the devices after
a period of 90 days resulted in return of these indicators to the diseased
levels. Two features in the 2" generation variant of the device (Moranll)
were modi ed. Infusion of atmospheric air was replaced by daily refueling
of the gas tank with enriched oxygen and surface density of the islets was
raised to 2000 IEQ/cm”2. The capacity of this device, equipped with either
iso- or allo-type islets, to restore glycemic control in diabetic animals for up
to 150 days was proven. Histological examination of the explanted devices
and the surrounding tissue revealed (1) islets are stained for insulin (2) cell
replication is observed and (3) the brotic tissue surrounding the device is
well vascularized. A larger version of the “-Air device —containing rat islets —is
being tested in diabetic Sinclair mini-swine.

For author disclosure information, see page 785.
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1485-P
The Ef cacy of Human Eyelid-Derived Adipose Stem Cell Trans-
plantation in Type 2 Diabetes Mouse Model
JI SUN NAM, HYUN MI KANG, JIYOUNG KIM, SEAH PARK, HAEKWON KIM,
EUN HAE LEE, YOUNGMI LEE, JIHOON KIM, SHINYOUNG LEE, JANG-HAN JUNG,
JEONG SEON YOO, TAE WOONG NOH, SHIN AE KANG, MIINHO CHO, JONG SUK
PARK, KYUNG WOOK KIM, CHUL WOO AHN, KYUNG RAE KIM, Seoul, Republic
of Korea

The progressive beta cell dysfunction superimposed on insulin resistance
is the main pathogenesis of type 2 diabetes, and the beta cell exhaustion
ultimately leads to insulin therapy. In this study, we transplanted insulin-
secreting cells, which differentiated from human eyelid adipose-derived
stem cells (HEAC), into type 2 diabetes mouse model and assessed its effect
on glucose level and survival rate.

HEACwere differentiatedintoinsulin-secreting cells using IS1 differentiation
medium and after veri cation of their glucose-dependent insulin secretory
function, cells were transplanted into renal capsules of 15 type 2 diabetes
mice (DC). Within 3 days after transplantation, a signi cant lowering of blood
glucose level was observed in transplanted mice (DC, 268 — 42 mg/dL, n =
15) compared to those that underwent sham operation (sham, 535 — 35 mg/
dL, n=7) and those that received undifferentiated HEAC (UDC, 475 — 40 mg/
dL, n = 13), which lasted up to 60 days ( gurel). Human insulin and c-peptide
were detected in sera of DC group while little amount of both hormones was
detected in other groups (insulin, 0.5- 0.1 vs. < 0.08 ng/mL; c-peptide, 0.5-0.1
vs. <0.06 ng/ml, all p < 0.05). There was also a signi cant increase in survival
rate in DC group compared to UDC and sham groups ( gure2).

Cell therapy using insulin-secreting cells differentiated from HEAC is
effective in lowering blood glucose level in type 2 diabetes mice and has
asurvival bene t.
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Figure 1, Changes in blood ghocose lavel after transplanitstion
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Days after transplantation
Figure 2. Survival rate of mice after trareplantation

For author disclosure information, see page 785.
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1486-P

Therapeutic Islet Tissue Engineering in Subcutaneous Site with
Scaffold-Free Approaches
KAZUO OHASHI, TAKAHIRO SAITO, RIE UTOH, HIROFUMI SHIMIZU, KAZUYA ISE,
MASAYUKI YAMATO, MITSUKAZU GOTOH, TERUO OKANO, Shinjyuku-ku, Japan,
Fukushima, Japan

Recent clinical success in islet transplantation into the liver has en-
couraged further investigation into bioengineering islet tissues for treating
diabetes mellitus (DM). Toward this goal, further improvements are required
to optimize the procedures to maximize longevity of the transplanted islet
cells. The present study discusses our novel and scaffold-free based tissue
engineering approach by fabricating a monolayered tissue sheet composed
of dissociated single pancreatic islet cells for creating functional and neo-
islet tissuesin the subcutaneous site. Temperature-responsive culture dishes
speci ¢ to islet cell culturing were prepared by covalently immobilizing a
temperature-responsive polymer poly(N-isopropylacrylamide) (PIPAAm) to
plastic dishes, followed by coating with laminin-5. Dissociated pancreatic
islet cells were obtained from Lewis rats and were then plated onto the
laminin-5-PIPAAm dishes. After reaching con uency, cultured islet cells
were harvested as a uniformly connected tissue sheet by lowering culture
temperature. Histological examination showed that harvested cell sheet had
a monolayered 2-D structure, which established and retained its structural
cell-to-cell connections. Being covalently bounded on the culture dish,
PIPAAm never be transferred to islet cell layer. Immunohistological staining
revealed that islet cell sheet comprised of insulin- (76%) and glucagon- (22%)
staining positive cells. Upon re-plating islet cell sheet onto new culture
dishes, glucose-challenge test found a positive response from the islet cell
sheet. By transplanting islet cell sheets into the subcutaneous space of SCID
mice, islet tissues were successfully engineered and sustained. Therapeutic
effectiveness of this islet bioengineering procedure was also con rmed in
the transplantation study to Streptozotocin-induced diabetic SCID mice. The
present study describes a new proof-of-concept approach for generating
monolayered functional neo-islets in vitro. Furthermore, the DM therapeutic
value of islet tissue engineering approach using the islet cell sheet was
experimentally con rmed in the present study.

Supported by: Coordination Funds for Promoting Science, Japan Ministry of
Education
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1487-P
6-Mercaptopurine, an Activator of the Orphan Nuclear Receptor
NR4A3, Modulates Glucose Transport in L6 Skeletal Muscle Cells
QINGLAN LIU, LING TIAN, LUSHENG XU, YUCHANG FU, W. TIMOTHY GARVEY,
Birmingham, AL

The purine anti-metabolite 6-mercaptopurine (6-MP) is widely used for
the treatment of leukemia and in ammatory diseases. The cellular effects of
6-MP on metabolism remain unknown; however, 6-MP was recently found
to activate the orphan nuclear receptor NR4A3 in skeletal muscle cell lines.
We have previously reported that NR4A3 (also known as NOR-1, MINOR)
overexpression enhances insulin signaling and stimulates glucose transport
in adipocytes. To further explore the role of NR4A3 activation in insulin
action, we studied whether NR4A3 activator 6-MP can modulate glucose
transport in L6 skeletal muscle cells. We observed that: (i) 6-MP itself
(10 M) stimulated both basal and insulin-stimulated glucose transport rates
up to 1.4-fold (P<0.05) in dose- and time- responsive manners. (i) Stable
over-expression of NR4A3 increased the activity of the glucose transport
system per se, and also augmented 6-MP s ability to stimulate transport
rates (1.6-fold increase above 6-MP effect in controls; p<0.05). (iii) 6-MP
had dose-responsive effects to augment NR4A3 transcription activity using
a cell-based luciferase assay system. (iv) 6-MP also increased NR4A3
protein expression in L6 muscle cells. (v) 6-MP treatment did not change
GLUTL or GLUT4 protein levels, suggesting 6-MP may increase transport
activity by enhancing GLUT4 translocation to the cell surface. (vi) 6-MP
analogs which do not activate NR4A3 failed to induce glucose transport.
In conclusion: 6-MP increases both NR4A3 expression and NR4A3 s activity
as a transcriptional activator, and augments the activity of the insulin-
responsive glucose transport system in L6 myotubes. These ndings have
identi ed a novel mechanistic approach for treatment of insulin resistance.
We are currently screening for potent NR4A3 agonists as new therapeutic
target in T2DM and Metabolic Syndrome.
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