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OP 01 Inflammatory events in type 2 diabetes
1

Metabolic reprogramming of CD8" T cells regulates systemic glucose
metabolism

H.-S. Yi', Y. Lee', B. Ku*;

'Chungnam National University Hospital, Dacjeon, *Chungnam National
University School of Medicine, Daejeon, Republic of Korea.

Background and aims: Chronic inflammation induced by proinflamma-
tory cytokines is closely related to metabolic diseases. However, the
functional characteristics of T cells in the development of diabetes are
not yet fully understood.

Materials and methods: We studied the patients visiting a hospital for
routine health check-ups, who were divided into two groups: normal
controls, and people with prediabetes. Gene expression profiling of pe-
ripheral blood mononuclear cells (PBMCs) from normal controls and
drug-naive patients with type 2 diabetes was undertaken using microarray
analysis. We also studied the immunological characteristics and metabol-
ic signatures of senescent T cells in the normal subject and patients with
prediabetes. Moreover, liver tissues from 10 subjects who underwent
hepatectomy at Chungnam National University Hospital due to hepato-
cellular carcinoma or metastatic liver cancer were used to isolate hepatic
resident T cells, which were investigated using FACS analysis. We also
investigated senescent T cells in the liver of normal or mice with meta-
bolic deterioration caused by aging or diet-induced obesity.

Results: Patients with diabetes or prediabetes exhibit a proinflammatory
response. Gene annotation enrichment analysis showed that most of the
upregulated genes in the diabetes group are implicated in T cell activation,
phagocytosis, and the inflammatory response. Proinflammatory cyto-
kines and cytotoxic molecules are also highly expressed in senescent
(CD8*CD28 CD57%) T cells from patients with prediabetes. Patients with
prediabetes have higher concentrations of reactive oxygen species (ROS)
in their senescent CD8" T cells. the larger quantity of ROS produced by
metabolically reprogrammed senescent T cells contributes to impaired
glucose homeostasis. Addtionally, senescent CD8" T cells impair hepatic
insulin sensitivity via production of proinflammatory cytokines. On the
other hand, murine senescent (CD153"CD279%) T cells with features of
inflammation are also present in larger numbers in the livers of aged
compared to young mice. Feeding a high fat diet increased senescent
(CD153*CD279") T cells in the liver of mice, leading to impairment of
hepatic glucose homeostasis.

Conclusion: In summary, this study defines a new clinically relevant
concept of a T cell senescence-mediated inflammatory response in the
pathophysiology of type 2 diabetes. We also found that T cell senescence
promotes systemic inflammation and alters hepatic glucose homeostasis.
The rational modulation of CD8" T cell senescence would be a promising
avenue for the treatment or prevention of type 2 diabetes.

Supported by: NRF

Disclosure: H. Yi: None.

2

Methylglyoxal induces microglial polarisation to pro-inflammatory
state

J. Linl, J. Wangl, A. Schlottererl, M. Kolibabkal, N. Dietrich!, T.
Flemingz, H. Hammes';

'Medical Faculty Mannheim, Mannheim, “Medical Faculty Heidelberg,
Heidelberg, Germany.

Background and aims: Diabetic retinopathy induces vasoregression and
neurodegeneration and finally leads to blindness. Microglial activation is
involved in diabetic retinopathy. Recently our study showed that exoge-
nous AGE precursor methylglyoxal activates and recruits microglia in
normoglycemic retina. Different functional properties of microglia are
dependent on the state of polarization. Classical activation of M1

phenotype is pro-inflammation and alternative activation of M2 pheno-
type is anti-inflammation. However, the role of methylglyoxal in
microglial polarization remains unclear. Hence, this study aims to inves-
tigate the role of methylglyoxal in microglial polarization.

Materials and methods: 6 week old C57Bl6 mice were intravitreally
injected MG (1 pl per eye), in a dose of 10mM/L. Two days later eyes
were enucleated. Retinal RNA were isolated and PCRs were performed.
Microglial quantification was using retinal whole mount immunofluores-
cence staining. Mouse microglial cells line (BV2 cell) were incubated
with 1 pM, 10 uM and 100 uM of MG for 1, 2 and 3 days. We detected
the effects of MG on microglial M1/M2 phenotype markers using gene
expression and immunofluorescence, in vivo and in vitro experiments,
respectively.

Results: Exogenous MG increased microglial recruitment and induced
pro-inflammatory gene expression of TNF-« and Galectin3 with 2 fold, 5
fold for MCP-1, Ibal 2.9 fold, ICAM1 1.7 fold in mouse retina. In vitro,
MG induced RAGE translocation into nucleus in microglial cells.
Immunofluorescence signals of CD74 and Galectin3 were elevated after
MG treatment. MG inhibited Arginasel and Mrcl, and the former with
dose dependent manner. Oppositely, MG promoted the gene expression
of CD74 at 24 hour MG treatment; RAGE, IL-18 and MCP-1 in BV2
cells at 72 h MG treatment; TNF-o, MIP-1 in 48 h.

Conclusion: MG-induced pro-inflammation is mediated by microglia.
MG induces microglial to M1 polarization state and MG shows the pro-
inflammatory role in vivo and in vitro.

Supported by: SFB

Disclosure: J. Lin: None.

3

Metformin alleviates the negative effects of the proinflammatory en-
vironment in brown adipocytes

N. Pescador'?, V. Francisco', C. Escalona', L. Ruiz', M. Valdecantos',
A. Calle’, M. Obreg(’)nl, A. Valverde'?;

'Instituto de Investigaciones Biomédicas Alberto Sols, Madrid,
2CIBERDEM, Madrid, Spain.

Background and aims: Obesity-induced chronic inflammation is critical
in the pathogenesis of insulin resistance and type 2 diabetes mellitus
(T2DM) due to recruitment as well as activation of macrophages in adi-
pose tissues. The pathophysiology of inflammation-induced metabolic
dysfunction has been extensively documented in white adipose tissue
(WAT) depots. However, little is known of the relevance of inflammation
in brown adipose tissue (BAT) during T2DM linked to obesity. We have
examined the impact of M1 proinflammatory signaling pathways, on
insulin signaling and thermogenic gene expression in brown adipocytes
and the effect of metformin in these processes.

Materials and methods: RAW264.7 macrophages were stimulated with
lipopolysaccharide (LPS) (100 ng/ml) for 6 h in the absence or presence
of metformin (10mM). Conditioned medium (CM) was collected and
added to brown adipocytes to explore the effects on inflammation and
insulin signaling pathways as well as thermogenic gene expression. Eight
week-old male C57 Bl/6 mice were fed HFD for 10 weeks. Metformin
(500 mg/kg) was administered daily by oral gavage for 4 weeks. Then,
mice were maintained at thermoneutrality (28°C) for one week and one
group was exposure to cold (4°C) for 16 h.

Results: Treatment of brown adipocytes with LPS-CM significantly de-
creased insulin-mediated protein kinase B (Akt) phosphorylation (p <
0.05). Consequently, both insulin-induced glucose transporter 4
(GLUTH#4) translocation to the plasma membrane and glucose uptake were
decreased (p <0.05). Under these conditions, early activation of the N-
terminal Janus activated kinase (JNK) (p <0.05), signal transducer and
activator of transcription 3 (STAT3) (p < 0.05) and p38 mitogen-activated
protein kinase (p38 MAPK) (p <0.05) was also observed together with
degradation of the inhibitor of nuclear factor kappa B (IkBx). (p <0.05)
Furthermore, LPS-CM inhibited the effect of the beta3 agonist CL316243
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in lipolysis (p < 0.05) and uncoupling protein (UCP)-1 expression (p <
0.05). All these effects were prevented by the treatment of brown adipo-
cytes with LPS-CM supplemented with metformin. In vivo administra-
tion of metformin increased Ucp! mRNA levels upon cold exposure.
Conclusion: Our data demonstrate that the proinflammatory environment
triggers signaling cascades that interfere with insulin and CL316243 ef-
fects in brown adipocytes. Furthermore, metformin improves insulin and
beta adrenergic responses by targeting the inflammatory pathways. Our
results suggest the importance of brown adipocytes as sensitive cells to
proinflammatory mediators released by macrophages suggesting that in-
flammation in BAT might play a major role in insulin resistance associ-
ated to obesity.

Disclosure: N. Pescador: None.

4

Hyperglycaemia epigenetically primes pro-inflammatory RELA/p65
gene in cord blood-derived CD34stem cells

V. Vigorelli, J. Resta, S. Genovese, G. Pompilio, M. Vinci;

Centro Cardiologico Monzino - IRCCS, Milan, Italy.

Background and aims: Diabetes profoundly affects multiple signal-
ing pathways and key transcription factors that account for the
systemic pro-inflammatory state and increased propensity for the
patients to develop atherosclerosis. In addition, as a consequence
of hyperglycemia, diabetic patients have decreased number and
dysfunctional circulating CD34" cells that under normal physio-
logical conditions contribute to the maintenance of vascular ho-
meostasis and regeneration. Emerging evidence suggests that epi-
genetic mechanisms, such as DNA methylation and histone mod-
ifications, are involved in the regulation of inflammatory genes in
vascular cells under diabetic conditions. Since CD34" cells are
also important precursors of immune cells, we hypothesized that
uncontrolled hyperglycemia might epigenetically skew CD34"
cells towards inflammatory cells. We sought to evaluate epigenetic
priming of inflammatory response genes by high glucose condi-
tions in CD34" stem cells.

Materials and methods: CD34" cells were purified from cord blood
of healthy donors and expanded in normal-glucose (NG; with
30 mM mannitol for osmotic control) or high-glucose (HG;
30 mM) serum-free medium plus cytokines (FLT3, SCF, IL3 and
IL6) for up to 20 days. The expression of RELA/p65, KAT2B/
PCAF, IL6 and TNF«x genes was assessed by qPCR. Western Blot
was used to evaluate acetylation of NFAB p65 at lysine-310.
H3K9me3 and RNA polymerase II recruitment to the RELA/p65
gene promoter were evaluated by ChIP-qPCR assay.

Results: Increasing evidence links glucose metabolism to changes in
chromatin. We therefore examined H3K9me3 status of RELA gene pro-
moter encoding for the p65 subunit of inflammatory transcription factor
NF«B in CD34" cells after high glucose exposure. ChIP-qPCR data
showed significant reduction of H3K9me3 levels in HG-CD34" cells
(n=5;FC1+0.16 SEvs 0.4 +0.1 SE; p =0.0327). The lowering of this
repressive epigenetic modification coincided with increased recruitment
of RNA polymerase II to the RELA/p65 gene promoter and a significant
up-regulation of p65 gene expression (n=8; FC1+0.27 SEvs 1.41£0.3
SE; p =0.0034). Interestingly, KAT2B/PCAF gene, a histone acetyltrans-
ferase implicated in NFAB p65 acetylation and co-activation was also
overexpressed (n =12; FC 1+0.14 SE vs 1.4+0.19 SE; p =0.0225).
This post-translational modification is critical for nuclear stabilization
and full transcriptional activity of NFkB, responsible for the expression
of inflammatory genes. Hence, we assessed the acetylation of NFkB p65
at lysine-310 and the expression of NFkB p65 target genes such as TNFx
and IL6. The analysis revealed an increased acetylation at lysine-310 in
HG-CD34" cells and significant up-regulation of TNFx (n =9; FC 1 +
0.15 SE vs 1.38+0.28 SE; p =0.0408) and IL6 (n =10; FC 1+ 1.25 SE
vs 1.86+1.09 SE; p =0.05) gene expression.

@ Springer

Conclusion: These results suggest that elevated glucose exposure might
epigenetically prime CD34" cells for a pro-inflammatory response and/or
skew CD34" cell differentiation into cell lineages with deleterious
properties.

Supported by: Ricerca Finalizzata, Ministero della Salute [PE-2011-
02348537]

Disclosure: V. Vigorelli: None.

5

Crosstalk between gut and pancreas in the context of metabolic syn-
drome: study in a rodent model of nutritional programming

A. Sanchez-Roncero', P. Martinez-Oca', F. Escriva'?, E. Fernandez-
Millan'?, C. Alvarez'?;

'Bioq y Biol Mol., Fac. Farmacia, UCM, Madrid, *CIBER, ISCIII,
Madrid, Spain.

Background and aims: Nutritional restriction during critical periods of
development has been associated with the later appearance of metabolic
pathologies during adulthood, such as obesity and type 2 diabetes. The
relationship between low birth weight and the appearance of these pathol-
ogies is encompassed within the thrifty phenotype hypothesis.
Experimental animal models, including ours, based on perinatal nutrient
restriction have supported the role of altered endocrine pancreas develop-
ment during early life and insulin sensitivity as key factors for the later
occurrence of dysregulated glucose homeostasis. However, the underly-
ing mechanisms leading to this condition remain unclear. In this regard,
the intestinal microbiota is an emerging factor involved in the regulation
of energy metabolism by modifying intestinal permeability and, conse-
quently glucose, lipid and immune system homeostasis. Specifically we
have studied the effect of nutritional restriction-rehabilitation on the mor-
phology and integrity of the intestinal barrier and its role on pancreas
inflammation.

Materials and methods: To this end, offspring of Wistar rat dams fed ad
libitum (control [C]) or 65% food-restricted during pregnancy and suck-
ling time (undernourished [U]) were weaned onto a high-fat (HF) diet
(CHF and UHF, respectively) to drive catch-up growth. The experiments
were carried out in female rats aged 18 and 25 weeks (prior to or after
overt metabolic syndrome establishment, respectively). Morphometric
studies of gut were performed by using haematoxylin and PAS staining.
Localization of tight junction proteins (occludin, ZO-1) were visualized
by immunofluorescence. Circulating proinflammatory cytokines and
blood lipopolysaccharides (LPS) levels were measured by ELISA and
the limulus test, respectively. The inflammatory phenotype of pancreatic
islets was determined by CD68"-cell staining and by the in vitro response
of isolated islets to LPS.

Results: Nutritional restriction altered the number and size of epithelial
cells from ileum, as well as mucin-producer Goblet cells compared with C
animals. Our results also indicated that both, early food-restriction (U
rats) and later rehabilitation with high-fat diet (UHF and CHF rats) in-
creased intestinal permeability causing disorganization on the tight-
junction proteins of the intestinal epithelium, mainly ZO-1 and occludin.
This event was correlated with increased circulating levels of bacterial
LPS in female U rats even prior to high-fat feeding, enhanced levels of
Tlr4 expression and macrophage infiltration into pancreatic (3-cells.
Incubation of isolated islets from 25-week old CHF and UHF rats with
different doses of LPS (0.1, 1 and 5 pg/ml) for 24 hours significantly
induced cytokine production in both populations but with less intensity in
UHEF islets suggesting development of LPS resistance.

Conclusion: These data suggest that intestinal barrier dysfunction in-
duced by inappropriate maternal nutrition contributes to the early appear-
ance of endotoxemia in the offspring before the development of overt
metabolic syndrome, therefore emerging as a causal factor.

Supported by: MINECO BFU2016-77931-R, CIBERDEM, ISCIII, CAM
B2017/BMD-3684. Spain

Disclosure: A. Sanchez-Roncero: None.
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Glucagon induces the expression of inflammatory markers in the
liver through NLRP3 inflammasome

C. Di Fatta, R. Spiga, E. Mancuso, A. Fuoco, C. Averta, G.C. Mannino,
F. Andreozzi, G. Sesti;

Department of Medical and Surgical Sciences, University Magna Graecia
of Catanzaro, Catanzaro, Italy.

Background and aims: Hyperglucagonemia promotes an inappropriate-
ly high rate of hepatic glucose production that is the predominant cause of
fasting hyperglycemia and a major contributor to the etiopathogenesis of
type 2 diabetes mellitus (T2DM). T2DM and insulin-resistance are
strongly associated with an increase in the production of pro-
inflammatory molecules, which, in turn, nurture the onset of several
invalidating complications. In this contest, the inflammasome plays a
key role in the inflammatory response. It has been implicated in a broad
range of common inflammatory diseases, such as T2DM. The aim of our
study was to assess whether hyperglucagonemia affects the expression of
inflammatory markers in the liver and to analyze the molecular mecha-
nism underlying the synthesis of inflammatory molecules in presence of
glucagon.

Materials and methods: We analyzed a cohort of 132 Italian non-
diabetic subjects enrolled in the CATAnzaro MEtabolic RIsk factors
(CATAMERI) study, who underwent an oral glucose tolerance test. In
addition, starved HepG2 cells were treated with different concentrations
of glucagon (0.05, 0.5, 1, 10, 100 nM) for 24h, in order to mimic chronic
exposure. To confirm glucagon pivotal role, a specific inhibitor of the
glucagon receptor was employed. Changes in FGG, C3 and CRP
mRNA expression were detected through real-time RT-PCR. We evalu-
ated the cleavage of procaspase-1 to caspase-1 by Western Blot as a
marker of NLRP3 inflammasome-mediated inflammation activation.
Results: In vivo, we observed a significant (p < 0.01) correlation between
circulating levels of glucagon and inflammatory markers, such as com-
plement component 3 (C3, »=0.227), fibrinogen (FGG, »=0.193) and C-
reactive protein (hsPCR, r=0.230), after correction for age and sex.
In vitro, glucagon induced a significant (p <0.05) increase in the gene
expression of C3 (~4 fold), FGG (~2.5 fold) and CRP (~2 fold) in a dose-
dependent manner with a maximum effect at the concentration of 10nM.
Glucagon treatment induced a significant increase in the cleavage of
procaspase-1 to caspase-1 (up to 2.5 fold) in a dose-dependent manner.
Pre-treatment with a specific glucagon receptor inhibitor was able to
block the pro-inflammatory stimulatory effects of glucagon at both tran-
scriptional and protein levels.

Conclusion: These data suggest that hyperglucagonemia may induce an
inflammatory state stimulating directly the synthesis of inflammatory
molecules (C3, FGG and CRP) in the liver via the activation of NLRP3
inflammasome pathway.

Disclosure: C. Di Fatta: None.

OP 02 Foot prints
7

Novel plantar pressure-sensing smart insoles reduce foot ulcer inci-
dence in ‘high-risk’ diabetic patients: a longitudinal study

C.A. Abbott', K.E. Chatwin', AN.B. Hasan', S.M. Rajbhandari’, C.
Sangez, N. Musa?, P. Foden®, K. Stocking3, L. Vileikyte4, F.L.
Bowling4, A.JM. Boulton*, N.D. Reeves';

'"Manchester Metropolitan University, Manchester, “Lancashire Teaching
Hospitals NHS Foundation Trust, Chorley, *Wythenshawe Hospital,
Manchester, UK, 4University of Manchester, Manchester, UK.

Background and aims: The lifetime risk of diabetic, neuropathic,
plantar first foot ulceration is 25%, whereas ulcer recurrence rates
for patients with ulcer history are 50-70% within 5 years. To
date, effective ulcer prevention strategies remain elusive. Foot
ulcer development in the insensate foot is intimately linked to
high peak plantar pressures and high pressure-time integrals dur-
ing gait as patients with diabetic neuropathy cannot detect aber-
rant pressures and do not adjust their walking strategy appropri-
ately. We hypothesize that an intervention providing plantar pres-
sure feedback would reduce aberrant high pressures developed
during daily activities. We aimed to test efficacy of a novel plan-
tar pressure-sensing smart insole system, the SurroSense Rx®
(Orpyx Medical Technologies Inc., Canada) in reducing DFU oc-
currence in ‘high risk’ diabetic patients. This system comprises
pressure-sensing inserts worn inside patients’ footwear, recording
continuous plantar pressure at eight sensor locations, during day-
to-day life. When critical pressure thresholds are detected, a
smartwatch feeds back to the patient via an alert and encourages
off-loading, to modify aberrant plantar pressures developed during
daily activities.

Materials and methods: In this randomised controlled trial, patients with
recent history of DFU, peripheral neuropathy, no peripheral vascular dis-
ease, and no current DFU were recruited from two hospital sites within
Greater Manchester, UK. Ninety participants were consented, 58 were
randomized, all being set-up with the pressure-sensing inserts and
smartwatch. Intervention group (IG) received feedback alerts from the
smartwatch when pressures were ‘high’, whereas Control group (CG)
did not receive alerts. At baseline, participants received device training
and a detailed foot check. Patients were reviewed monthly for a foot
check and system calibration. Follow-up was for 18 months or until
plantar ulceration occurred.

Results: At follow-up, there were 10 ulcers from 8,638 person-days in
CG and 4 ulcers from 11,835 person-days in IG. A Poisson regression
model compared the two groups on incidence of ulceration with log
exposure days as offset and showed a 71% reduction in ulcer incidence
in IG (Incidence Rate Ratio = 0.29, 95% CI: 0.09-0.93) relative to the CG
(p =0.037). Characteristics of CG (n =26) vs. IG (n =32) were: age,
67.1(9.6) vs. 59.1(8.5) [mean (SD)]; Type 1 diabetes, n =4 (15.4%) vs.
n =9 (28.1%); duration diabetes, 21.2 (10.7) vs. 22.2 (14.3) years;
HbAlc, 58 (41-83) vs. 65.5 (38-122) [median (range)] mmol/mol. In
survival analysis, the Kaplan-Meier graph and log-rank test suggested
no significant difference in treatment groups in time to ulceration (18
month ulcer-free proportion: CG - 68.4%, 1G - 77.5%; p =0.30). Self-
reported hours of wearing the device were: CG, 4.6 (2.9) vs. IG, 5.1 (3.0)
hours/day, p =0.63.

Conclusion: Plantar pressure feedback and encouragement to offload
throughout daily life via smartwatch alerts resulted in 71% lower DFU
incidence after 18 months follow-up. We conclude that there has been a
significant, positive impact of this plantar pressure feedback intervention
on reducing DFU incidence in ‘high risk’ diabetic patients.

Clinical Trial Registration Number: ISRCTN05585501

Supported by: Primary funding years 1-3 DUK; study extension (year 4)
Orpyx Med Tech Inc.

Disclosure: C.A. Abbott: None.
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Ultrasound versus sharp wound debridement in healing of recalci-
trant neuropathic diabetic foot ulcers: clinical and pathological study
F. Kyrillosl, A. Albehairyl, M. Roshdi', W. Elkashef?, M. Tarshobyl;
"Diabetes and Endocrinology department, Mansoura University,
Mansoura, “Pathology department, Mansoura University, Mansoura,

Egypt.

Background and aims: Debridement is the consistent mainstay for the
standard care of diabetic foot ulcer. Non surgical sharp debridement is the
gold standard method used with some known limitations. Researchers
proposed advantages for low frequency ultrasound (LFU) debridement
for healing of chronic ulcers. The aim of this study is to compare clinical
outcome, pathological and immuno-histochemical effect of LFU debride-
ment versus sharp debridement on recalcitrant neuropathic diabetic foot
ulcers.

Materials and methods: 21 diabetic patients of matched age and sex
with recalcitrant neuropathic foot ulcers (duration >6 months with
standard therapy, sharp debridement and proper offloading), were
recruited from Mansoura Diabetic Foot Clinic (Specialized
Medical Hospital- Mansoura university). Only grade 1A and 2A
ulcer (University of Texas) were included in the study. All patients
continued on same ulcer management with randomization into 2
groups according to method of debridement: Sharp group; continued
using scalpel (11 patients) and Ultrasound (US) group; using LFU
(12 patients). Patients received 1 debridement session every 2 weeks
for 2 months. Tissue biopsies were taken from the base and edge of
ulcers at the first session and after 2 months of debridement.
Clinical outcome was assessed by reduction of ulcers surface area
after 2 months. Pathological parameters for healing were assessed
blindly by the pathologist. Pathological scoring included cellularity,
vascular proliferation, type of collagen, inflammatory cells and fi-
brosis. Immunoreactivity of Matrix metalloproteinase-1 (MMP-1)
was also assessed.

Results: Greater reduction in ulcers surface area in US group (43%) versus
sharp group (24.24%) (p =0.001). Improvement in total ulcer pathology
score was evident after each type of debridement with more improvement
in US group versus sharp group (23.21% vs.6.67%, respectively) (p =
0.004). Significant increase in cellularity in base and edge of the ulcers,
vascular proliferation of ulcer base and inflammation of the ulcer edge after
2 months of US debridement (p = 0.04, 0.03, 0.04, 0.03 respectively), while
sharp debridement decreased the cellularity in the base of ulcers (p = 0.04)
with no significant change in other pathological parameters. MMP-1 expres-
sion decreased significantly in both base and edge of ulcers treated by sharp
debridement (p =0.03, 0.02 respectively), while increased significantly in
the base of ulcers after US debridement (p = 0.037).

Conclusion: LFU debridement is superior to sharp debridement regard-
ing healing of recalcitrant neuropathic diabetic foot ulcers. In contrast to
sharp debridement, LFU debridement increases expression of MMP-1,
cellularity, vascular proliferation and inflammation in the ulcers improv-
ing the total pathology score and indicating better opportunity for ulcer
healing.

Disclosure: F. Kyrillos: None.
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The LeucoPatch® system in the management of hard-to-heal diabet-
ic foot ulcers: a multicentre, multinational, observer-blinded,
randomised controlled trial

F. Game', W. Jeffcoate?, L. Tarnow>, J. Jacobsen®, D. Whitham®, E.
Harrison’, S. Ellender’, M. Londahl®;

1Derby Teaching Hospitals NHS Foundation Trust, Derby, UK,
*Notingham University Hospitals NHS Trust, Nottingham, UK,
3Holbaek Sygehus, Holbaek, Denmark, “Statcon ApS, Kokkedal,
Denmark, 5University of Nottingham, Nottingham, UK, %Skéane
University Hospital, Lund, Sweden.
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Background and aims: The LeucoPatch® device uses bedside centrifu-
gation without additional reagents to generate a disc comprising autolo-
gous platelet-rich fibrin and leucocytes which is applied to the surface of
the wound. The aim of the study was to test the effectiveness of
LeucoPatch® on the healing of hard-to-heal foot ulcers in people with
diabetes.

Materials and methods: 595 people with diabetes and a foot ulcer
consented to participate. After a 4 week run-in-period those with a reduc-
tion in ulcer area of <50% were randomised to either pre-specified good
standard care alone or care supplemented by weekly application of
LeucoPatch®. The primary outcome was percentage of ulcers healed
within 20 weeks, defined as complete epithelialisation confirmed by an
observer blind to randomisation group and maintained for four weeks.
Results: 269 people were randomised; mean age 62 years, 82% male,
82% Type 2 diabetes. In the intervention group 34.1% (n =45/132) of
ulcers healed within 20 weeks vs 21.6% (n =29/134) of the controls (OR
1.58, 95% CI 1.06-2.35; p = 0.02) by intention-to-treat analysis. Time to
healing was shorter in the intervention group (p = 0.0246) (Figure 1). No
difference in adverse events was seen between groups.

Conclusion: The use of LeucoPatch® is associated with significant en-
hancement of healing of hard-to heal foot ulcers in people with diabetes.
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Clinical Trial Registration Number: ISRCTN27665670
Supported by: Reapplix ApS
Disclosure: F. Game: Grants; Reapplix ApS.
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Platelet-rich plasma plays an anti-inflammatory and cell
proliferation-promoting role through miR-21/PDCD4/NF-kB path-
way in vitro of a diabetic wound model

W. Deng', T. Li', D. Annstrongz;

"Department of Endocrinology and Nephrology, Diabetic Foot Center,
Affiliated Central Hospital of Chongqing University, Chongqing
Emergency Medical Hospital, Chongging, China, *Department of
Surgery, Keck School of Medicine of the University of Southern
California, Los Angeles, USA.

Background and aims: Infection and inflammatory disorders are two of
contributing factors for non-healing diabetic foot ulcers (DFUs). Platelet-
rich plasma (PRP) has an antibacterial and wound repair accelerating
effect in DFUs healing. The MicroRNAs relate to wound healing are high
abundance expression in platelet. MicroRNA-21(miR-21)plays a key role
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in antibacterial and inflammatory through regulation of nuclear transcrip-
tion factor(NF-kB) activity, but the mechanism remains unclear. This
study aimed to determine the potential antibacterial, anti-inflammatory
and cell proliferation-promoting mechanism of PRP on DFUs healing.
Materials and methods: Considering the common infection of DFUs
caused by Staphylococcus aureus (S. aureus), HaCaT cells and S.
aureus were co-cultured under high glucose conditions to serve as an
in vitro model for infected cells in DFUs. Platelet-rich gel (PRG) or
extract liquid of platelet-rich gel(EPG)was used to interfere with the
model to observe the growth of HaCaT cells and S. aureus, and the
effect of miR-21 changes in HaCaT cells on PDCD4, NF-«kB and
related inflammatory factors.

Results: Incubation of HaCaT cells with increasing concentrations of
S. aureus induced to a dose-dependent decline of cell proliferation.
Protein level of PDCD4 elevated and NF-kB activity enhanced in
cells with increased IL-6, TNF-« and decreased IL-10, TGF-{31
under this condition. As an effective component of PRG, EPG had
a specific anti-S. aureus activity. EPG dose-dependently protected
HaCaT cells from bacterial damage and promoted cell proliferation.
Meanwhile, EPG could increase intracellular miR-21, reduce
PDCD4 expression and inhibit NF-kB activity to alleviate inflam-
mation of infected HaCaT cells. Furthermore, anti-inflammatory ef-
fects to HaCaT cells were also observed in the absence of S. aureus
infection.

Conclusion: In conclusion, the in vitro model we built provides a valu-
able tool for study of DFUs healing mechanism. MiR-21 regulates NF-xB
through PDCD4 plays an anti-inflammatory and pro-cell proliferation
role in the process of wound healing promoted by PRG. The results
support the favorable function of PRG in treating DFUs and may provide
novel therapeutic target for refractory wounds.

Supported by: National Natural Science Foundation of China (NO.
81500596)

Disclosure: W. Deng: None.
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Autologous mononuclear versus mesenchymal stem cells in healing
of recalcitrant neuropathic diabetic foot ulcers

A. Albehairy', F. Kyrillos', H. Gawish', O. State', H. Abdelghaffar?, O.
Elbaz?, A.H. El—Sebaiez, A.A. Emam’, M. Tarshobyl;

'Internal Medicine, Mansoura University, Mansoura, “Clinical Pathology,
Mansoura University, Mansoura, *Mansoura University, Mansoura,
Egypt.

Background and aims: Most human studies involved bone marrow
mononuclear stem cells (BM-MNCs) and bone marrow mesenchy-
mal stem cell (BM-MSCs) safety and efficacy involved treatment of
ischemic wounds and critical limb ischemia, with less specific stud-
ies on neuropathic diabetic foot ulcers. Recent pilot clinical study
suggested that autologous BM-MSCs is safe and promising in treat-
ment of recalcitrant diabetic foot ulcer. Aim of the work: To com-
pare the therapeutic effect of autologous BM-MNCs and BM-MSCs
on the healing process in patients with recalcitrant neuropathic dia-
betic foot ulcers

Materials and methods: Eighteen patients with type 2 diabetes mellitus
with neuropathic foot ulcer grade 2 New Texas classification were select-
ed from Diabetic Foot Clinic, Mansoura University, Egypt from May
2016 to August 2017. Only patients who failed to respond to 12 weeks
of weekly sharp debridement and proper offloading were included in the
study. Patients were randomly assigned to MSCs, MNCs or control
group. The study was conducted in Mansoura Regenerative Medicine
Centre, Egypt. After aspiration of 20 ml of patients’ own bone marrow
under good aseptic technique either mononuclear stem cells (MNCs)
were separated or Mesenchymal stem cells (MSCs) were cultured. The
bone marrow sample was diluted with phosphate buffer saline then sep-
aration using Ficoll hybaqe harvesting the layer of MNCs then washed

twice using the complete media. This process revealed 5x10° to 6x10° of
MNCs. Mesenchymal stem cells (MSCs) were characterized by adher-
ence, trans-differentiation and CD characterization. Cultured cells were
subjected to microbiological and karyotyping testing. MSCs number
ranged from 1x10° to 2x10°. The revealed MNCs or MSCs were dis-
solved in 2cm saline to be used for injection in the edges of the wound
at eight points once. All patients continued on same offloading and dress-
ing and were followed for 12 weeks for the change in ulcer surface area
and the presence of any local reactions

Results: Percentage reduction of Ulcer surface area was higher in both
(MSC) and (MNC) groups 68% and 59% respectively compared to only
6.25% in control group after 12 weeks of follow up. (P value <0.05),
However, there was no statistical significant difference between the
healing rate of (MSC) and (MNC) groups. Complete healing was
achieved in one patient in MSC group and in another patient in MNC
group.

Conclusion: Local injection of both autologous bone marrow derived
MSCs and MNCs augmented healing of recalcitrant neuropathic diabetic
foot ulcers. Using both cells was well tolerated by the patients with no
short term complications. The small non significant better healing asso-
ciated with the use of MSCs should be weighed against the fact that
MNCs separation is easier and achieved by less manipulation
Supported by: Mansoura University

Disclosure: A. Albehairy: None.

12

Association of diuretics use and amputations in patients with type 2
diabetes: A hypothesis driven from CANVAS warning?

L. Potier', R. Roussel', G. Velho?, P.-J. Saulnier’, A. Bumbu', O.
Matar', M. Marre!, K. Mohammedi®, S. Hadjadjs;

"Department of Diabetology, Endocrinology and Nutrition, Assistance
Publique — Hopitaux de Paris (AP-HP), Paris, ’Team 2, INSERM
U1138, Paris, ’INSERM CIC1402, Poitiers, *Département
d’Endocrinologie, Diabétologie, Nutrition, Hopital Haut-Lévéque,
Paris, *Department of Endocrinology and Diabetology, Centre
Hospitalier Universitaire de Poitiers, Poitiers, France.

Background and aims: Recently, safety data signaled an increased risk
of amputations in patients with type 2 diabetes taking SGLT2 inhibitors.
If this side effect is due to drug-induced hypovolemia, the use of diuretics
should also increase that risk. The aims were to analyze the association
between the use of diuretics and the risk of lower limb events (LLE) in
patients with type 2 diabetes.

Materials and methods: SURDIAGENE is a French prospective ob-
servational cohort including type 2 diabetes patients enrolled from
2002 to 2012. Participants were followed-up until onset of LLE,
death, or December 31, 2015, whichever came first. Participants:
1459 patients with type 2 diabetes, with information on use of di-
uretics at baseline and available data on primary outcomes during
follow-up. Exposure: Use of diuretics at baseline (thiazides, loop
and/or potassium-sparing diuretics). Main Outcomes: LLE, a com-
posite of lower-extremity amputations (LEA) (amputation at or
above the metatarsophalangeal joint) and lower limb revasculariza-
tions (LLR) (angioplasty or bypass).

Results: At baseline, of the 1459 studied participants, 670 were taking
diuretics (in patients with and without diuretics, mean age was 67.1 and
62.9;55.8% and 59.8% were men, respectively). During a median follow-
up of 7.2 years, LLE occurred in 85 (12.7%) and 57 (7.2%) of the users
and non-users, respectively (p = 0.001). The hazard ratio for LLE in users
vs. non-users was 2.08 (95%CI, 1.49-2.93; p <0.0001). This association
remained significant in multi-adjusted model (1.83 (1.27-2.67; p =
0.0013) and after considering death as a competing risk (subhazard ratio
1.89 (1.35-2.64; p =0.0002)). When separated, LEA but not LLR were
associated with the use of diuretics (2.61 (1.55-4.50; p =0.0013) and
1.30 (0.84-2.02; p =0.24), respectively).

@ Springer
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Conclusion: Among patients with type 2 diabetes treated with diuretics,
there was a significant and independent increase in the risk of LLE,
predominantly LEA. Diuretics should be used cautiously in patients with
type 2 diabetes at risk of amputations. Further studies are needed to
explore the role of drug-induced hypovolemia in the association between
the use of diuretics and LLE. The hypovolemia hypothesis could provide
an explanation for the increased risk of LEA observed with SGLT2
inhibitors.

Disclosure: L. Potier: Grants; NOVO NORDISK, SANOFI, ELI LILLY.
Honorarium; NOVO NORDISK, ELI LILLY, SANOFI, SERVIER. Non-
financial support; SANOFL, ELI LILLY.
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Linagliptin reduced renal injury and proteinuria in a rat model of
crescentic nephritis

A.-L. Mayerl, K. Amann!, T. Klein?, C. Daniel';

"Department of Nephropathology, University of Erlangen-Niirnberg,
Erlangen, 2Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach,
Germany.

Background and aims: Dipeptidyl peptidase 4 (DPP-4) inhibitors are a
class of oral glucose lowering drugs, used in the treatment of type 2
diabetes. In human kidney biopsies we observed high DPP-4 expression
in early crescent formation. This glomerular lesion occurs in various
kidney diseases and is a pathogenic hallmark of renal dysfunction.
Therefore, we investigated the potential involvement of DPP-4 in the
pathogenesis of nephritis induced by anti-GBM (glomerular basement
membrane antibody) in Wistar rats.

Materials and methods: Linagliptin (3 mg/kg/bw, n =11) and vehicle
(n=11) were used to treat anti-GBM nephritis in 8-week regimens: either
preventive or therapeutic (treatment started 4 weeks after model induc-
tion). Kidney function, morphologic changes, inflammation and fibrosis
were monitored.

Results: Disease prevention with linagliptin in anti-GBM nephritic rats
significantly (p < 0.01) reduced the number of crescents (51 £3% vs 65 +
3%), glomerulosclerosis (score 1.2 +0.07 vs 1.6 +0.1), tubule-interstitial
injury (score 1.2 +0.1 vs 1.8 +0.2), renal fibrosis (score 1.3 +0.13 vs 1.9
+0.14) and proteinuria (265+29 vs 363 +22 mg/24h) compared with
untreated nephritic rats. Furthermore, the preventive linagliptin regimen
significantly reduced the number of Pax8* cells on the glomerular tuft by
17+ 5% at day 14 (p <0.05) and 60+ 5% at week 8 (p <0.001), indicat-
ing accelerated resolution of the cellular crescents. Therapeutic interven-
tion with linagliptin resulted in weaker amelioration of renal disease at
week 8, but significantly (p <0.05) reduced renal fibrosis (score 1.4+
0.13 vs. 1.9 +£0.14), crescent formation (52 +4% vs. 65 +3%) and Pax8"
cells on glomerular tuft (65+5.2% reduction) compared with vehicle.
Proteinuria was also reduced, but this result did not reach significance.
Conclusion: DPP-4 inhibition with linagliptin ameliorates renal injury in
a severe rat model with anti-GBM induced nephritis as shown by reduced
crescents, proteinuria and fibrosis, and resolution of crescents.
Therapeutic intervention with linagliptin showed weaker effects com-
pared with preventive intervention.

Supported by: Boehringer Ingelheim & Eli Lilly and Company Diabetes
Alliance

Disclosure: A. Mayer: Non-financial support; Boehringer Ingelheim.
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Non-esterified free fatty acids (NEFA) can enhance the inflammatory
response in renal tubules by inducing ATP release

H. Sun!, Z. Sun?, X. Ruan®;

"Department of Endocrinology and Metabolism, the First Affiliated
Hospital of Soochow University, Suzhou, China, 2Department of
Endocrinology and Metabolism, Zhongda Hospital, Nanjing, China,
3John Moorhead Research Laboratory, Centre for Nephrology,
University College London (UCL) Medical School, London, UK.

Background and aims: Diabetes mellitus is the leading cause of chronic
kidney disease (CKD) in both developed and developing countries. The
global widespread of CKD is rapidly becoming a worldwide health prob-
lem. The severity of tubulointerstitial inflammation has long been con-
sidered as a crucial determinant of progressive CKD. Although the path-
ogenesis of tubulointerstitial inflammation is poorly understood, one
common association and likely pathogenic factor is proteinuria.
However, excessive plasma non-esterified free fatty acids (NEFA) load
in proteinuria can leak across the damaged glomeruli to be reabsorbed by
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renal proximal tubular cells, and cause inflammatory tubular cells damage
by as yet unknown mechanisms. The present study was designed to
investigate these mechanisms induced by NEFA overload.

Materials and methods: HK-2 cells were incubated with palmitic acid
(PA). THP-1 cells were differentiated into macrophages by phorbol-12-
myristate-13-acetate (PMA). Mitochondrial reactive oxygen species
(mtROS) production was determined using dihydroethidium, and extra-
cellular ATP (eATP) was detected by an ATP Assay Kit. Caspase-3/7
activity was tested by Caspase-3/7 Green ReadyProbes Reagent, and
YoPro-1 fluorescence has been used to quantify pannexin-1 (Panx1) ac-
tivation. Transwell filter migration assay were used for the chemotaxis
assay, and the monocyte chemoattractant protein-1 (MCP-1) in the super-
natants was detected by MCP-1 ELISA kit. Expression of mRNA and
protein were examined by quantitative RT-PCR and western blot,
respectively.

Results: 1. NEFA induces mtROS-dependent caspase-3/7 activation in
renal tubular cells, and then, the activated caspase-3/7 opens the Panx1
channel, leading to pathophysiological ATP release. 2. Both eATP and
NEFA increase the secretion of MCP-1 from renal tubular cells, which
induce monocyte infiltration. 3. NEFA stimulates interleukin-1 (IL-1(3)
release from both macrophages renal tubular cells. 4. eATP stimulates IL-
1$3 release from both macrophages renal tubular cells via the P2X7R-
mTOR-FOXO1-TXNIP/NLRP3 inflammasome pathway.

Conclusion: NEFA increase mtROS production and inflammatory stress,
causing ‘the first hit.” The first hit stimulates ATP release from Panx1
channel on renal tubules by activation of caspase-3/7. Then, playing as
‘the second hit’, eATP aggravates the tubular inflammatory response by
increasing monocyte infiltration and stimulating inflammatory cytokine
release from both macrophage and renal tubular cells via the P2X7R-
mTOR-FOXO1-TXNIP/NLRP3 inflammasome pathway. This may
cause a severe renal inflammatory response and renal dysfunction.
Therefore, inhibition of the ATP release may be a potential point to alle-
viate renal inflammation and improve renal function.

Supported by: NSFC

Disclosure: H. Sun: None.
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Overexpression of CD38 (NADase) in diabetic kidney disease results
in renal mitochondrial oxidative stress and pathologies via NAD"-
dependent Sirt3 inactivation

Y. Ogura, M. Kitada, I. Monno, D. Koya;

Kanazawa Medical University, Kahokugun, Japan.

Background and aims: Diabetic kidney disease (DKD) is a leading
cause of end-stage renal disease (ESRD) worldwide. Although the de-
tailed pathogenesis of DKD is not elucidated yet, aging is recognized as
one of the risk factors for the progression of ESRD. Therefore, aging-
related mechanism by which DKD could aggravate would be a novel
therapeutic target for DKD. Nicotinamide adenine dinucleotide (NAD)
levels decrease during aging, and are involved in age-related metabolic
unhealth. Previous report demonstrated that expression and activity of the
CD38 (NADase) increased with aging, and that CD38 is required for the
age-related NAD decline and mitochondrial dysfunction via a pathway
mediated at least in part by regulation of Sirt3 activity. However, the role
of CD38 in the pathogenesis for DKD has not elucidated yet.

Materials and methods: In this study, we evaluated the role of CD38 in
modulation of mitochondrial oxidative stress which is related to altered
Sirt3 activity, in the kidney of Zucker Diabetic Fatty rats (ZDFRs) and in
cultured human renal tubular epithelial cells (HK2 cells) exposed high-
glucose condition.

Results: At 28 weeks of age, the ZDFRs exhibited elevated HbAlc
levels, heavier kidney weight, increase in urinary albumin, urinary liver
type fatty acid binding protein (L-FABP) and urinary §-hydroxy-2'-
deoxyguanosine (8-OHdG) excretion, histological tubulo-interstitial fi-
brosis and glomerulomegaly, and inflammation, compared to non-

diabetic Zucker Lean rats. Additionally, in renal mitochondria, the
NAD*/NADH ratio was reduced, and acetylation levels of mitochondrial
antioxidant enzymes, isocitrate dehydrogenase 2 (IDH2) and superoxide
dismutase (SOD2), which are regulated by Sirt3, were increased in
ZDFRs. Similarly, in cultured HK2 cells exposed to high-glucose condi-
tion, CD38 expression was increased, compared to cells under low-
glucose condition, resulting in the reduction of NAD*/NADH ratio and
Sirt3 activity, which increased in acetylation levels of IDH2 and SOD2.
Administration of the CD38 inhibitor, apigenin, to ZDFRs and HK2 cells,
restored the NAD/NADH ratio, decreased the levels of IDH2 and SOD2
acetylation and renal mitochondrial oxidative stress.

Conclusion: Therefore, restoring Sirt3 activation by suppression of
CD38 could be a novel therapeutic target for DKD.

Disclosure: Y. Ogura: None.
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Soluble Nogo-B overexpression inhibits diabetes-mediated endothe-
lial cell proliferation in a murine model of early diabetic
glomerulopathy

L.P. Hernandez-Diaz!, G. Fouli!, C. Ricciardi', A. Haywardl, D.E.
Longz, L. Gnudi';

'School of Cardiovascular Medicine & Sciences, King’s College London,
London, *Developmental Biology and Cancer, University College
London, London, UK.

Background and aims: Impaired angiogenesis, as seen in early diabetic
glomerulopathy (DG), is characterised by thin wall capillaries and in-
creased vascular permeability and is paralleled by an increase in endothe-
lial cells (ECs) number, mainly driven by cell proliferation. Nogo-B is
expressed in the glomerular endothelium and podocytes, and is mainly
localised in the endoplasmic reticulum; previous works has implicated
Nogo-B in vascular remodelling where it promotes vascular integrity.
Nogo-B expression is downregulated in the diabetic glomeruli and solu-
ble Nogo-B (sNogo-B, a circulating 200AA N-terminus fragment of
Nogo-B) has been shown to correct diabetes-mediated Nogo-B downreg-
ulation and albuminuria. In this work, we have studied the effects and
putative cellular mechanisms of sNogo-B overexpression on ECs
proliferation/impaired glomerular angiogenesis in a murine model of
diabetes.

Materials and methods: 5-8 weeks old DBA2J male mice were injected
i.p. with streptozotocin (40 mg/kg/day) for 5 days, sNogo-B overexpres-
sion in the circulation was induced by tail injection of adeno-associated
vector (AAV) driving the expression sNogo-B (AAV driving the expres-
sion of green fluorescent protein [GFP] was utilised as control). Animals
with glycaemia >22 mM were considered diabetic. Animals were killed
after 12-weeks of diabetes and the right kidney was frozen in Optimal
Cutting Temperature (OCT) compound for sectioning and histology with
immunofluorescence with the ECs marker (CD31) and the proliferation
marker (KI167). In parallel renal cortex cell lysate was utilised for the
study of VEGFA levels with ELISA, and AKT, eNOS and GSK3f3 total
and phosphorylated levels with western immunoblotting.

Results: Diabetes (D) resulted in a significant increase in glomerular ECs
proliferation when compared to non-diabetic (ND) status (ND-GFP vs D-
GFP, p =0.0001); diabetes-mediated glomerular ECs proliferation was
partially prevented by sNogo-B overexpression (D-GFP vs D-sNogo-B,
p =0.005). In ND mice, sNogo-B overexpression had no effect on ECs
proliferation. VEGFA, AKT*"*"* and eNOS**"'”” phosphorylation (mol-
ecules/pathways involved in ECs proliferation) were upregulated in D
mice (ND-GFP vs D-GFP, p <0.04); sNogo-B overexpression partially
inhibited diabetes-mediated VEGFA expression, and AKT*"*7> and
eNOS**""'77 phosphorylation (D-GFP vs D-sNogo-B, p <0.03).
GSK3B*™ phosphorylation was unchanged in D-GFP animals when
compared to ND-GFP ones; sNogo-B overexpression was paralleled by
a significant upregulation of GSK3p™ phosphorylation in ND mice
(ND-GFP vs ND-sNogo-B, p =0.001), while, in D mice, sNogo-B
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overexpression was paralleled by a significant downregulation of
GSK3 ™ phosphorylation (D-GFP vs D-sNogo-B, p = 0.03).
Conclusion: sNogo-B overexpression prevents diabetes-mediated glo-
merular ECs proliferation, an event that seems to be related to sNogo-
B-mediated inhibition of the pro-angiogenesis and permeability VEGFA/
AKT*™73/eNOS*™77 phosphorylation pathway, and by GSK3 activa-
tion (reduced GSK3B**™ phosphorylation) known to favor capillary
formation/stability over ECs proliferation/angiogenesis. sNogo-B appears
to ameliorate endothelial dysfunction in early DG and studies are ongoing
to better dissect its role in the pathophysiology of DG.

Supported by: BHF

Disclosure: 1.P. Hernandez-Diaz: None.
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FoxOl1 inhibits autophagosome-lysosome fusion leading to endothe-
lial autophagic-apoptosis in diabetes

X. Wu', H. Zhang', K. He?, X. Zhao', Y. Wu', S. Ge®, Y. Shao®;
"Endocrinology, the First Affiliated Hospital with Nanjing Medical
University, Nanjing, *Thoracic surgery, the First Affiliated Hospital with
Nanjing Medical University, Nanjing, *Neurology, the First Affiliated
Hospital with Nanjing Medical University, Nanjing, China.

Background and aims: Endothelial dysfunction in response to various
insults such as hyperglycemia, dyslipidemia and altered homeostasis is
critical in the genesis of diabetic angiopathy. Recent data found that
inadequate autophagy contributed to endothelial dysfunction in patients
with diabetes. However, whether inadequate autophagy leads to endothe-
lial cells (ECs) apoptosis remains unknown. The aim of this study is to
investigate the relationship between inadequate autophagy and ECs apo-
ptosis in diabetes and its underlying mechanism.

Materials and methods: Aortic vascular ECs were freshly isolated from
the discarded vascular tissue of diabetic patients undergoing artery vas-
cular replacement surgery. Cultured human aortic vascular ECs (HAECs)
were stimulated with AGEs-bovine serum albumin or BSA. The expres-
sion levels of LC3-II, P-62, Rab7, Atgl4, STX17, LAMP2, cleaved-cas-
pase-3, Bcl-2, FoxOl1, Ac-FoxOl1, and p-FoxOl were determined by
western blotting. Autophagosomes were observed by electron microsco-
py. The apoptosis rate was evaluated by flow cytometry. The fusion of
autophagosome and lysosomes was detected by immunofluorescence.
Results: Compared with non-diabetic subjects, the levels of LC3-II and
p-62 were increased in ECs from diabetes. Western Blotting and immu-
nofluorescence showed that the expressions of Atgl4 and STX17 were
decreased, and the co-localization of autophagosomes marker (LC3-II)
with lysosomes marker (LAMP2), and Atg14 with STX17 were declined,
suggesting inadequate autophagy with impaired autophagosome-
lysosomal fusion in ECs from diabetic patients. AGEs induced HAECs
autophagy in a time-dependent manner. For 24h, the expressions of LC3-
11, Atgl4, STX17 and Rab7 and the number of autophagosomes were
gradually increased with no change of P-62, LAMP2 expression and
apoptosis rates. For 48h, AGEs markedly upregulated LC3-II and p62
expression and the number of autophagosomes with decreased level of
Atgl4, STX17, Rab7 and co-localization of LC3-II with LAMP2, and
Atgl4 with STX17 which indicated the reduced autophagic flux with
impaired autophagosome-lysosomal fusion. The apoptosis rates were sig-
nificantly increased with elevated cleaved-caspase-3 level and declined
Bcl-2 expression. Inhibition of autophagy with 3-MA could reduce
AGEs-induced HAECs apoptosis, suggesting that activated autophagy
contributes to ECs apoptosis. Higher levels of FoxOl1, Ac-FoxO1 and
Ac-FoxOl binding to Atg7 were detected in AGEs-treated HAECs.
Knockout FoxOl by siFoxOl reduced AGEs-induced autophagy, and
increased the expression of Atgl4, suggesting that FoxOl regulates the
expression of Atgl4. Immunofluorescent staining showed that FoxOl1
knockdown promoted the co-localization of LC3-1I with LAMP2, and
Atgl4 with STX17 in HAECs exposed to AGEs, indicating that FoxOl1 is
crucial signaling molecular mediating ECs autophagy in diabetes.
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Conclusion: Inadequate autophagy with impaired autophagosome-
lysosomal fusion exists in ECs from diabetic patients. FoxO1 mediates
AGEs-induced ECs autophagic apoptosis through impairing
autophagosome-lysosomes fusion by inhibiting Atgl4 expression, which
may be a target for therapy of diabetic vascular complications.
Supported by: BRA2015389, LGY2016004
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Empagliflozin suppresses atherosclerotic lesion formation in apolipo-
protein E deficient mice by inhibiting macrophage activation

T. Matsumura, S.M. Nishida, T. Senokuchi, N. Ishii, S. Nishida, T.
Kondo, H. Motoshima, E. Araki;

Department of Metabolic Medicine, Faculty of Life Sciences, Kumamoto
University, Kumamoto, Japan.

Background and aims: Cardiovascular disease (CVD) is one of the
major causes of death in patients with type 2 diabetes (T2D). Recent
studies suggest that SGLT?2 inhibitors, which are novel class of glucose-
lowering agents, reduce cardiovascular events in T2D patients with high
risk of CVD. However, it remains uncertain whether the cardiovascular
benefits merely depend on glucose-lowering effects or some other mech-
anism(s). Therefore, we examined whether empagliflozin suppressed the
progression of atherosclerosis in diabetic and non-diabetic
Apolipoprotein E-deficient (Apoe ) mice, and whether it had direct
anti-atherogenic effects in macrophages.

Materials and methods: Apoe ”~ mice (12 weeks age) were fed normal
chow (NC) or a high fat diet (HFD), or treated with streptozotocin
(120 mg/kg), and further treated with a placebo or empagliflozin (5 mg/
kg/day) for 8 weeks. Mouse peritoneal macrophages from C57BL/6 mice
were used for in vitro experiments. Atherosclerotic lesion size of aortic
sinus and en face of aorta were estimated by oil-reo-O staining.
Expression of 4-HNE, F4/80, Ki67 and Ibal were visualized by fluores-
cence immunohistochemistry. Expression of SGLT2, MCP-1 and TNF-«
were performed by Real-time RT-PCR and/or Western blot analysis.
Intracellular ROS generation was measured by H,DCF-DA. Cell prolif-
eration was estimated by a CCK-8 assay kit and direct counting of the live
cell number. Membrane currents of macrophages were performed by
patch clump measurements.

Results: In all mouse models, there were no significant differences on
dietary intake and lipid profile between placebo and empagliflozin-treated
groups. However, body weight was lower in the empagliflozin group than
the placebo group in NC-fed mice. Glucose levels during a food load test
were lower in the empagliflozin group than the placebo group in all mouse
models. Treatment with empagliflozin suppressed the progression of ath-
erosclerotic lesions in the aortic sinus and en face of the whole aorta in all
mouse models. The 4-HNE-positive area and number of proliferating mac-
rophages in plaques, and mRNA expression of MCP-1 and TNF-« in the
aorta were lower in empagliflozin groups than in control groups.
Expression of SGLT2 mRNA and protein were confirmed in mouse peri-
toneal macrophages. Empagliflozin inhibited LPS-induced ROS genera-
tion, MCP-1 and TNF-o¢ mRNA expression, and GM-CSF-induced cell
proliferation, as well as suppressed glucose-sensitive inward current and
glucose uptake in macrophages. Moreover, a pan-glucose transporter inhib-
itor or sodium channel blocker suppressed macrophage proliferation, sug-
gesting the involvement of SGLT2 for macrophage activation.
Conclusion: We revealed that treatment with empagliflozin suppresses
the progression of atherosclerosis in normoglycemic and hyperglycemic
Apoe”’” mice. Moreover, we revealed for the first time that macrophages
express functional SGLT2, and empagliflozin directly suppresses ROS
generation, inflammatory responses, and cell growth of macrophages.
These actions of empagliflozin may indicate that SGLT?2 inhibitors may
be beneficial for the treatment of diabetic macrovascular complications,
and SGLT2 in macrophages may be a therapeutic target in
normoglycemic patients with atherosclerotic diseases.
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Insulin sensitising effects of vitamin D mediated through reduced
adipose tissue inflammation and fibrosis

E. Lontchi—Yimagoul, S. Kangz, K. Zhangl, A. Goyall, J. You!, P.
Kishorel, E. Rosen3, M. Hawkins];

! Albert Einstein College of Medicine, Bronx, 2University of California,
Berkeley, Berkeley, *Beth Isracl Deaconess Medical Center, Boston,
USA.

Background and aims: Despite epidemiologic evidence linking vitamin
D deficiency with insulin resistance and type 2 diabetes, much controver-
sy exists regarding whether vitamin D repletion has beneficial metabolic
effects. Since vitamin D (25(OH)D) has anti-inflammatory and anti-
fibrotic effects, expression of its receptor in adipocytes and macrophages
suggests that 25(OH)D signaling could mediate paracrine effects within
adipose tissue and improve insulin resistance. We designed parallel stud-
ies in humans and rodents to define the effects of vitamin D on adipose
tissue inflammation and fibrosis, and on systemic insulin resistance.
Materials and methods: We performed a randomized, double-blinded
placebo-controlled trial to examine the effects of repleting vitamin D levels
to >30 ng/ml in 25(OH)D-deficient (<20 ng/ml), insulin resistant,
overweight-to-obese humans (n = 19). A comprehensive study of whole-
body insulin action was undertaken with stepped euglycemic (~90 mg/dL)
hyperinsulinemic clamp studies, both before (1™ visit) and after administra-
tion of vitamin D or placebo (2™ visit). Adipose tissue fibrosis and inflam-
mation were quantified by ‘real-time’ rt-PCR and immunofluorescence in
subcutaneous abdominal adipose tissue. To determine whether vitamin D’s
effects are mediated through adipocytes, we performed hyperinsulinemic
clamp studies (4 mU/kg/min) and adipose tissue analysis in an adipocyte-
specific vitamin D receptor knockout (VDR KO) mouse model
(Adiponectin-Cre+VDR+/1]) following high fat diet feeding for 12 weeks.
Results: 25(OH)D repletion was associated with reductions in adipose
tissue gene expression of inflammatory (0.6-0.7-fold decreased expres-
sion of TNF-a, IL-6, iNOS and PAI-1) and pro-fibrotic (0.4-0.8-fold
decreased expression of TGF-(31, HiFl«, Collagen I, V, VI and MMP7)
factors, decreased collagen VI immunofluorescence (19% reduction, p =
0.02) and improved hepatic insulin sensitivity in humans, with height-
ened suppression of endogenous glucose production (EGP) during
hyperinsulinemic clamp studies (1.28 £0.20 vs 0.88 +0.18 mg/kg/min,
p =0.03). Despite no differences in body weight or adiposity, compared
to wild type (WT), adipose-specific VDR KO mice exhibited increased
adipose tissue expression of several pro-inflammatory (7nf-«, iNos, Pai-
1, Mcp-1 and F4/80; 4-10 fold) and pro-fibrotic genes (7gf-31, Collagen
VI, and Tspl; 24 fold), in concert with hepatic insulin resistance (EGP
10+£3 vs 3+2 mg/kg/min in WT, p =0.021). There were no changes in
insulin-mediated glucose uptake in either humans or mice.

Conclusion: These complementary human and rodent studies establish a
beneficial role of vitamin D to improve hepatic insulin resistance, likely
by restraining adipose tissue inflammation and fibrosis. Thus, normaliz-
ing 25(OH)D levels could have metabolic benefits in targeted individuals.
Clinical Trial Registration Number: NCT01354964

Supported by: ADA
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FKBP51 ablation using CRISPR/Cas-9 impairs adipocyte
differentiation

C. Castillejo-Lépez', X.M. Abalo?, C.O. Sidibeh?, M.J. Pereira®, P.G.
Kamblez, JW. Erikssonz;

"Immunology, Genetics and Pathology, Uppsala University, Uppsala,
*Medical Sciences, Uppsala University, Uppsala, Sweden.
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Background and aims: Prolonged exposure to high levels of endoge-
nous or exogenous glucocorticoids (GC) has adverse effects on critical
metabolic processes that can lead to insulin resistance, diabetes, central
obesity and dyslipidemia. GC action depends on its binding to the cyto-
solic GC receptor, which act as a transcription factor tightly regulated by a
chaperone protein complex that includes FKBP51 (FK506-binding pro-
tein 51). FKBP51 is implicated in stress-related psychiatric disorders.
Recently, in a microarray study, we reported that the expression of the
corresponing gene, FKBP5, was highly upregulated in human adipose
tissue after 24 h treatment with a synthetic glucocorticoid, dexametha-
sone. Moreover, FKBP5 SNPs were found to be associated with type 2
diabetes. In this study, we aimed to investigate the consequences of
FKBP51 ablation in human adipocyte differentiation.

Materials and methods: We used CRISPR/Cas-9 methodology to gen-
erate two independent FKBP5 knockouts in two different cell models:
human preadipocytes isolated from stromal vascular cells obtained from
human adipose tissue biopsies (non-diabetic healthy volunteers) and the
preadipocyte SGBS cell line (Simpson-Golabi-Behmel Syndrome). The
phenotype was analyzed in preadipocytes and in differentiated adipocytes
by Western blot, RT-qPCR, and immunohistochemistry capacity of dif-
ferentiated adipocytes.

Results: Gene editing in different cell cultures displayed a prevalence of
at least 50% of null allelic mutations and on average of 75% protein
reduction. Adipogenesis assays showed that FKBP5-KO preadipocytes
had reduced ability to differentiate into mature adipocyte. The gene ex-
pression of adipogenic markers at different time points during differenti-
ation was assessed, and PPARG, FABP4, CD36, and ADIPOQ expression
was reduced by a ~60%, ~95%, ~95% and 90% (p < 0.01), respectively,
compared to wild-type (WT) control cells. In addition, the degree of
differentiation assessed by quantifying the amount of lipid accumulation
on the 14™ day of differentiation also showed a reduced accumulation of
lipid in FKBP5-KO cells by about 30% (p <0.01) compared to WT.
Studies are ongoing to investigate the effect of dexamethasone on cell
differentiation and glucose uptake capacity in differentiated FKBP51- KO
and WT adipocytes.

Conclusion: We show proof-of-concept for CRISPR/Cas-9 gene editing
and ablation in human adipose precursor cells of FKBP51, a chaperone
protein modulating GC-receptor activity. The resulting phenotype in-
cludes a markedly impaired adipogenesis. This implies a critical role of
FKBP51 in human adipose tissue that may influence insulin action and
other metabolic functions.

Supported by: SRC, EXODIAB, EF, SDF, ALF
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Insulin regulates lipolysis and fat mass by upregulating growth/
differentiation factor 3 in adipose tissue macrophages

T. Izumi, Y. Bu, K. Okunishi;

Gunma University, Maebeshi, Gunma, Japan.

Background and aims: Previous genetic studies in mice have shown that
functional loss of activin receptor-like kinase 7 (ALK?7), a type |
transforming growth factor-f3 receptor, increases lipolysis to resist fat
accumulation in adipocytes. Although growth/differentiation factor 3
(GDF3) has been suggested to function as a ligand of ALK?7, it is un-
known how GDF3 production is regulated under nutrient-excess
conditions.

Materials and methods: We identified the cell source of GDF3 by bio-
chemical and FACS fractionation of mouse white adipose tissue (WAT).
We examined the effects of insulin on GDF3 expression in adipose tissue
macrophages (ATMs) ex vivo and on body and WAT weights and serum
nonesterified fatty acid levels in vivo in both ALK7-intact and ALK7-
deficient obese mouse strains. To examine the involvement of ATMs and
GDF3 in the insulin activity toward lipolysis and adiposity, we performed
experiments of clodronate treatment and transplantation of bone marrow
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from GDF3-knockout mice to deplete macrophages and their GDF3,
respectively.

Results: A physiologically low level of insulin converted CD11c™ adi-
pose tissue macrophages into GDF3-producing, CD11¢* macrophages ex
vivo, and directs ALK 7-dependent accumulation of fat in vivo. Depletion
of ATMs by clodronate upregulated adipose lipases and reduced fat mass
in ALK 7-intact obese mice, but not in their ALK7-deficient counterparts.
Furthermore, depletion of ATMs or transplantation of GDF3-deficient
bone marrow negated the in vivo effects of insulin on both lipolysis and
fat accumulation in ALK7-intact obese mice.

Conclusion: Insulin efficiently inhibits lipolysis and accumulates fat pri-
marily through the upregulation of GDF3 in ATMs, but not through its
direct activities on adipocytes. The GDF3-ALK?7 axis between ATMs and
adipocytes represents a previously unrecognized mechanism by which
insulin regulates both fat metabolism and mass.

Supported by: JSPS KAKENHI

Disclosure: T. Izumi: None.
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The diabetes risk gene TCF7L2 regulates human adipose progenitor
cell biology

M. Verma, N. Loh, M. Todor¢evi¢, K. Pinnick, A.V. Dam, M. Neville, F.
Karpe, C. Christodoulides;

Oxford Centre for Diabetes Endocrinology and Metabolism, Radcliffe
Department of Medicine, University of Oxford, Oxford, UK.

Background and aims: Dysfunctional adipose tissue e.g. as seen in obesity
or lipodystrophy is associated with insulin resistance (IR) which predisposes
to type 2 diabetes (T2D) and cardiovascular disease (CVD). Nonetheless, the
risk of T2D and CVD is not uniform in similarly obese subjects. The adipose
tissue (AT) response to chronic caloric overload (hypertrophy vs. hyperpla-
sia) is a major determinant of susceptibility to IR. TCF7L2 is a key tran-
scription factor involved in WNT signalling, a developmental pathway,
which has a central role in AT biology. A common SNP in TCF7L2
(rs7903146) is the strongest genetic determinant of T2D risk in humans with
the risk being higher in lean vs. obese subjects. We hypothesised that
TCF7L2 modulates T2D risk partly via effects on AT biology.

Materials and methods: /n vitro functional studies in primary and
immortalised human adipose progenitor cells (APCs) and AT phenotyp-
ing in rs7903146 risk variant carriers.

Results: Ex vivo TCF7L2 expression was higher in APCs compared to
mature adipocytes (mMADs) (p <0.001, n =35-49) and adipose endothe-
lial cells (p < 0.01, n = 5-6) in both abdominal and gluteal depots. Ex vivo
TCF7L2 expression corelated positively with BMI in abdominal (p =
0.001, R=0.28, n =35-50) and gluteal (p =0.04, R*=0.12, n =35-
50) APCs but not in mADs. Stable TCF7L2 knockdown (KD) with two
independent shRNAs (low and high efficiency) in immortalised human
abdominal APCs led to impaired proliferation (p <0.01) and a dose-
dependent increase in WNT signalling (»p <0.001) both basally and fol-
lowing WNT3a treatment. Notably, adipogenesis was enhanced (p <
0.001) with low efficiency TCF7L2 KD whilst being impaired (p <
0.001) with high efficiency TCF7L2 KD in both immortalized and pri-
mary human abdominal APCs. AT phenotyping showed reduced ex vivo
TCF7L2 mRNA (p =0.015, n = 15-29) and protein (p =0.04, n =5-10)
levels selectively in abdominal APCs of T2D risk allele (T) carriers.
Accordingly, in vitro reporter assays for cis-regulatory activity at
1s7903146 revealed that the T2D risk allele (T) abrogates a weak enhanc-
er in abdominal APCs (C vs. T, p <0.001). Lastly, compared with homo-
zygous carriers of the C allele, individuals homozygous for the T2D risk
allele (T) displayed altered adipocyte size distribution in abdominal AT
(p <0.001, n =9-25).

Conclusion: These results implicate TCF7L2 in human adipose progen-
itor biology, AT plasticity and susceptibility to T2D.

Supported by: Oxford-Novo Nordisk Postdoctoral Research Fellowship
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Pros and cons of gastric bypass surgery in obese individuals with type
2 diabetes: nationwide, matched, observational cohort study

V. Liakopoulos, S. Franzén, A.-M. Svensson, M. Miftaraj, J. Ottosson,
L. Néslund, S. Gudbjomsdottir, B. Eliasson;

Department of Molecular and Clinical Medicine, University of
Gothenburg, Gothenburg, Sweden.

Background and aims: Long-term effects of gastric bypass (GBP) sur-
gery have been presented in observational and randomized studies, but
there is still only limited data for obese persons with type 2 diabetes
(T2DM), in particular regarding postoperative complications. We inves-
tigated postoperative outcomes after GBP in a nation-wide cohort.
Materials and methods: In this observational study, we merged data
from the Scandinavian Obesity Surgery Registry, the National Diabetes
Register and national databases. We matched persons with type 2 diabetes
who had undergone GBP with persons not surgically treated for obesity,
based on sex, age, BMI and propensity score. The risks of postoperative
outcomes were assessed using Cox regression model adjusted for sex,
age, BMI and socioeconomic status.

Results: 5321 T2DM patients who had undergone GBP and 5321 control
persons were followed for up to 9 years. We confirm lower risks of all-
cause mortality (49%) and cardiovascular disease (34%), found positive
effects on severe kidney disease, but also demonstrate significantly in-
creased risks (2 to 9-fold) of several short-term complications after GBP.
There were higher rates of abdominal pain and gastrointestinal conditions
frequently requiring additional surgical procedures, apart from recon-
structive plastic surgery. Long-term, the risk of anemia was 92% higher,
malnutrition appeared approximately 3-fold more often, while psychiatric
diagnoses were 33% increased, and alcohol abuse was 3-fold higher than
in the control group.

Conclusion: This nation-wide study confirms the benefits but also de-
scribes the panorama of adverse events after bariatric surgery in obese
persons with T2DM. In order to maximize the benefit and minimize the
risk of unfavorable results after bariatric surgery, a thorough and long-
term follow-up and support of these patients seems paramount. Better
selection of patients for such treatment could probably also improve
results.

Supported by: SE, AMS, MM, JO, IN, SG, BE
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Differing gut hormone responses drive weight loss after Roux-en-Y
gastric bypass and sleeve gastrectomy, with similar effects on glucose
dynamics and insulin sensitivity

C. Liaskos'?, C. Koliaki', K. Alexiadou', I. Mourouzis®, C. Pantos®, G.
Argyrakopouloul, A. Alexandrou®, N. Katsilambros', T. Diamantis*, N.
Tentolouris', A. Kokkinos';

'First Department of Propaedeutic Medicine, School of Medicine,
National and Kapodistrian University of Athens, Laiko General
Hospital, Athens, Greece, ’Institute for Clinical Diabetology, German
Diabetes Center, Leibniz Center for Diabetes Research at Heinrich-
Heine University, Diisseldorf, Germany, 3Department of Pharmacology,
School of Medicine, National and Kapodistrian University of Athens,
Athens, Greece, “First Department of Surgery, School of Medicine,
National and Kapodistrian University of Athens, Laiko General
Hospital, Athens, Greece.

Background and aims: Bariatric surgery, the most effective method for
the long-term treatment of class III obesity, exerts beneficial effects on

glucose metabolism. Possible underlying mechanisms include massive
loss of fat mass, restricted caloric intake and changes in gut hormones.
Aim of our study was to compare the effects of Roux-en-Y gastric bypass
(RYGB) and sleeve gastrectomy (SG) on glucose, insulin, ghrelin, PYY
and GLP-1 levels.

Materials and methods: We recruited 28 obese patients, of which 11
underwent RYGB (age: 38.6 + 8.2 years; BMI: 48 6 kg/m?) and 17 SG
(age: 41.3.6 + 8.1 years; BMI: 50.7 + 7.3 kg/m?, p = NS vs RYGB)]. They
were examined preoperatively, as well as 3, 6, and 12 months after sur-
gery. Blood samples were drawn before, and 30, 60, 90, 120, 150 and 180
min after consumption of a mixed meal for the measurement of glucose,
insulin, ghrelin, PYY and GLP-1. Insulin resistance was estimated with
the HOMA-IR index. Postprandial responses were expressed as area un-
der the curve (AUC).

Results: There were no preoperative differences between groups in any
of the parameters. Both experienced significant and comparable weight
loss (BMI 12 months RYGB: 30.8+5.2 vs SG: 34.4+6.7 kg/m?, p =
NS). Glucose AUCs were reduced 6 (p <0.007) and 12 months (p <
0.002) after both procedures, with no difference between groups
(Glucose AUC 12 months RYGB: 15858.3+1700 vs SG: 16750 +
2660.3 mg min/dl, p =NS). Both operations led to significantly and
comparably lower fasting insulin levels at all time points. HOMA-IR
was profoundly decreased for both groups at all postoperative time points
(HOMA-IR preop RYGB: 6.7+5.6 vs SG: 8.2+6.2, p =NS, and
HOMA-IR 12 months RYGB: 1.6 £1.3 vs SG: 1.9+0.9, p =NS).
Fasting ghrelin decreased after SG (Ghrelin preop SG: 223.2+77 vs 3
months: 129.3 £20.9, 6 months: 106.4 + 15.8, 12 months: 128 £ 19.8 pg/
ml, all p <0.02 vs preop), while was increased at 12 months (p =0.04 vs
preop) after RYGB. Ghrelin AUC decreased at 3 months after SG (p =
0.015), with nonsignificant changes after RYGB. PYY AUC increased at
3, 6, and 12 months after RYGB (PYY AUC preop RYGB: 11406.7 +
4593.9 vs 3 months: 19187.4+5617.5, 6 months: 22405.8 +£8259.2, 12
months: 24940.6 +9399.1 pg min/ml, all p <0.02), and only at 3 months
after SG (p =0.016). GLP-1 AUC was significantly higher in the RYGB
group compared to that after SG at 6 months (GLP-1 AUC 6 months
RYGB: 9966 +2137.9 vs SG: 7507.7+3011.1 pM min, p = 0.046).
Conclusion: RYGB and SG induce distinctly differing gut hormone re-
sponses, the first leading to a pronounced increase in PY'Y, and the second
to a decrease in ghrelin. However, the satiety-inducing effects of both lead
to comparable effects on weight loss, glucose dynamics and insulin sen-
sitivity. It seems that weight loss per se is the primary driving force behind
these metabolic improvements, while gut hormones play a secondary
role.

Disclosure: C. Liaskos: None.
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Finerenone improves the cardiovascular benefits after a return to a
normal diet in the mouse model of high fat diet-induced obesity

M. Pieronne—Deperroisl, L. Nicol!, S. Messaoudi?, A. Marouchtchak',
V. Richard', P. Kolkhof®, F. Jaisser?, P. Mulder', A. Ouvrard-Pascaud';
"nserm U1096, Medical school of Rouen-Normandy University, Rouen,
France, ’Inserm U1138, Cordeliers Institute, Paris 6 University, Paris,
France, *Bayer Pharma AG, Wuppertal, Germany.

Background and aims: Patients with obesity exhibit high prevalence of
left ventricular (LV) diastolic dysfunction. In a mouse model of high fat
diet (HFD)-induced obesity, we assessed the benefit of a normalization of
the diet in obese mice, and we hypothesized that the non-steroidal min-
eralocorticoid receptor (MR) antagonist Finerenone further improves
heart function.

Materials and methods: Nine weeks old B6D2 male mice were fed a
HFD (60% fat) or maintained on normal diet (CTL). After 16 weeks,
obese mice were divided in 3 groups for 8 more weeks with either: i)
HFD; ii) normal diet (HFD-STOP); iii) normal diet plus Finerenone
1 mgkg '.day 'mixed in the food (HFD-STOP+FINE).

Results: After 24 weeks of HFD in mice, blood pressure remained
normal. However, compared to CTL after 16 weeks of HFD, mice
showed 1) overweight and insulin resistance, 2) decreased Stroke
Volume (SV) assessed by echocardiography, 3) reduced cardiac fill-
ing pressure (LV-End-Diastolic-Pressure, LVEDP: CTL 2.73+0.1,
HFD 4.73 +£0.34 mmHg; P <0.001) and impaired LV compliance
(LV-End-Diastolic-Pressure-Volume-Relation, LVEDPVR: CTL
1.19+0.26, HFD 4.77 +£0.31 mmHg/RVU; P <0.001) assessed by
invasive hemodynamics, 4) reduced Coronary Reserve (CR: CTL
4.24+0.71, HFD 1.27+0.41 ml mg ' min"'; P <0.01) assessed
by MRI perfusion measurements and 5) reduced exercise ability in
a stress-test on treadmill. After 24 weeks, HFD fed mice compared
to CTL still had increased LV filling pressure, impaired LV compli-
ance, reduced Coronary Reserve and limited exercise ability, plus
worsened heart function including decreased LV fractional shorten-
ing and decreased cardiac output (CO). Switching HFD to normal
diet in the HFD-STOP group from weeks 16 to 24, body weight
decreased down to CTL values. In both HFD-STOP and HFD-
STOP+FINE groups compared to HFD alone, diet normalization
allowed improving insulin resistance, SV,CO and LV compliance,
the latest being further improved by FINE (LVEDPVR: HFD-STOP
3.44+0.39, HFD-STOP+FINE 2.28 +0.23 mmHg/RVU; P <0.05).
Interestingly, after diet normalization, there were raises of kidney
weight and of albumin over creatinine urine ratio that were
prevented by FINE (alb/creat/24hours: CTL 43.8 +4.5, HFD 43.5
+6.7, HFD-STOP 69.1+7.3, HFD-STOP+FINE 44.3+5.2; P <
0.05). Moreover, only the FINE treatment on top of diet normaliza-
tion allowed improving LV filling pressure (LVEDP: CTL 2.73 +
0.16, HFD 4.73 +£0.34, HFD-STOP 4.53 +0.33, HFD-STOP+FINE
3.18 £0.26 mmHg; P <0.05), Coronary Reserve (CR: CTL 3.76 +
0.72, HFD 1.00+0.33, HFD-STOP 1.19 +0.25, HFD-STOP+FINE
2.78£0.67 ml mg ™' min"'; P <0.05) and total distance during the
stress-test on treadmill.

Conclusion: When administered on top of diet normalization after HFD-
induced obesity in mice, Finerenone improved albuminuria, led to further
improvement of LV compliance and led to specific improvements of LV
filling pressure and Coronary Reserve, likely contributing to improved
performance in the running stress-test.

Supported by: Bayer-Pharma AG, Wuppertal, Germany and Cost-Admire
BM1301
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Characterisation of an animal model of type 2 diabetes with potential
application in the evaluation of new therapies for diabetic
neuropathy

F. Ezquer] ,C.De Gregorio', D. Contadorl, D. Santapaul, M. Camperoz,
M. Ezquerl;

!Center for Regenerative Medicine, School of Medicine, Universidad del
Desarrollo, Santiago, “Department of Neurology and Neurosurgery,
Hospital Clinico José Joaquin Aguirre, Universidad de Chile, Santiago,
Chile.

Background and aims: Diabetic Neuropathy (DN) is one of the most
common clinical complications of diabetes affecting up to 60% of dia-
betic patients. DN is characterized by progressive, distal-to-proximal de-
generation of peripheral nerves, affecting both sensory and motor fibers.
Evidences from diabetic patients suggest that reduced availability of neu-
roprotective factors in the nerves in combination with a chronic pro-
inflammatory microenvironment contribute to the pathogenesis of DN.
Nowadays, there is no effective clinical treatment for DN. Therefore; the
generation of new therapeutic alternatives is highly desirable. Different
animal models of Type 2 Diabetes Mellitus (T2DM) have been used to
study the progression of nerve dysfunction in DN. However, a complete
characterization of all functional and structural alterations present in these
models and the kinetics of their appearance are lacking. The aim of this
work was to characterize the main functional, structural and electrophys-
iological alterations present in one of the most commonly used animal
model of T2DM

Materials and methods: Leptin receptor deficient mice (BKS.Cg™+/+
Lepr®®/J) (BKS db/db) spontaneously develop severe obesity and chronic
hyperglycemia at 4 weeks of age. Diabetic (db/db) and non-diabetic
(db/+) mice were analyzed from 4 to 32 weeks of age to evaluate the
progression of DN. To identify potential peripheral neurologic defects, we
measured functional parameters including sciatic nerve conduction veloc-
ity and the responses to mechanical stimuli and noxious radiant heating in
the hind paws. We correlated these functional measurements with previ-
ously described structural alterations in other DN models, including
intraepidermal nerve fiber density (IENF) in the plantar surface of the
hind paws, the presence of apoptotic Schwann cells in sciatic nerve and
the presence of lymphocyte infiltration in sciatic nerve. The study was
carried out along the principles of laboratory animal care

Results: Diabetic mice showed progressive impairments at functional
level beginning at 8 weeks in withdrawal latency in plantar test and at
16 weeks in nociceptive threshold in Von Frey test. Furthermore, diabetic
mice displayed decreased conduction velocity in sciatic nerve at 26 weeks
of age. Based on the severity of these physiological parameters, we de-
fined an early (18 weeks), mid (26 weeks) and late (32 weeks) phase of
disease to analyze some structural parameters. Diabetic mice showed a
significant reduction of IENF beginning at 18 weeks of age, an increased
number of TUNEL positive Schwann cells in the sciatic nerves beginning
at 26 weeks of age and a significant increase in the number of infiltrating
T lymphocytes in sciatic nerves beginning at 26 weeks of age.
Conclusion: We produced a complete description of the behavioral, his-
tological and electrophysiological parameters of an animal model of
T2DM at an early, mid and late phase of the disease. We found a progres-
sive correlation between physiological parameters with the structural de-
fects. This animal model recapitulates many of the alterations associated
to DN in humans, and these defects worsened as diabetic time increased.
Therefore, it could be used at preclinical level to evaluate new therapeutic
outcomes for DN patients.

Supported by: FONDECYT 1170712 to FE
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X. Teo, B. Bai, W. Chan, Y. Fu, W. Han, P. Lee;
Singapore Bioimaging Consortium, Singapore, Singapore.

Background and aims: Berardinelli-Seip congenital lipodystrophy is a
rare form of autosomal recessive disorder caused by loss-of-function
mutation in BSCL2 gene that codes for Seipin. The phenotypes include
severe insulin resistance, hypertriglyceridemia, and almost complete loss
of adipose tissue. These overlap with the characteristics of type-2 diabe-
tes. Hence, it is plausible that there would be underlying alteration in
cardiac metabolism. Seipin knockout (SKO) mice, as a mouse model of
lipodystrophy, have recently been shown to exhibit cardiac hypertrophy
and dysfunction. Here, we investigated the in vivo cardiac pyruvate me-
tabolism of SKO mice using hyperpolarized [1-'>C] pyruvate magnetic
resonance spectroscopy (MRS).

Materials and methods: Twenty four weeks old SKO mice (n =5) and
their heterozygous or wildtype littermates as controls (n = 5) underwent
13C MRS. The MRS experiments were performed on a 9.4 T MR scanner
(Bruker Biospec), with the heart positioned on a dual "H/"*C a Butterfly
20 mm butterfly surface coil (Doty). [1-'*C] pyruvic acid was polarized in
a preclinical hyperpolarizer (Hypersense, Oxford Instruments) and was
neutralized with Tris/NaOH buffer for dissolution. The dissolution was
injected (0.56 mmol/kg, i.v.) into the animals under isoflurane anaesthe-
sia, followed by simultaneous acquisition of cardiac '*C MR spectra for 2
minutes immediately after injection. A typical in vivo hyperpolarized
cardiac '*C MR spectra shows [1-'3C] pyruvate (170.8 ppm) and
[1-'3C] pyruvate hydrate (179.1 ppm), and the downstream metabolites:
lactate (183.0 ppm), [1-'>C] alanine (176.4 ppm), and [1-'>C] bicarbonate
(160.8 ppm). To assess the diabetic status of the animals, a handheld
glucose meter was used to measure blood glucose concentrations imme-
diately after blood sampling. Blood insulin levels were measured from
collected serum using ELISA. Data are means = SEM.

Results: The SKO mice had higher blood glucose than their age-matched
littermates at 24 weeks old (22.4 + 3.0 mmol/L vs 9.4 £ 0.5 mmol/L, p =
0.0038).The SKO mice also exhibited higher insulin levels compared
with the littermate controls (93.0+41.7 ng/mL vs 1.7+0.4 ng/mL, p =
0.047). Upon injection of hyperpolarized [1-'>C] pyruvate, the '*C label
incorporation from [1-3¢] pyruvate into [1-*C] lactate was similar in
SKO mice and controls ([1-'>C] lactate/total carbon: 0.105 +0.022 vs.
0.100+0.010, p = 0.90). The '*C label incorporation into [1-'>C] alanine
was also not different between SKO mice and controls ([1-'>C] alanine/
total carbon: 0.030 = 0.008 vs. 0.032 + 0.006, p = 0.79). However, the '*C
label incorporation into [1-'*C] bicarbonate was 2 times higher in SKO
mice than in controls ([1-'*C] bicarbonate/total carbon: 0.0053 +0.0015
vs. 0.0024 +0.0005, p =0.008), which reveals a higher PDH activity in
the SKO mice.

Conclusion: The SKO mice exhibited increased cardiac PDH flux, which
is a characteristic of heart failure development. Hyperpolarized *C MRS
allows measurements of enzymatic flux in vivo, thus making a longitudi-
nal study with lipodystrophic SKO mice possible.

Supported by: A*STAR Biomedical Research Council

Disclosure: X. Teo: None.
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Role of amylin oligomer in transmission of type 2 diabetes between
mother and offspring

C.-L. Chuang, S. Zhang, G. Amarsingh, G. Cooper;

University of Auckland, Auckland, New Zealand.

Background and aims: Pregnancy in diabetic women is associated with
an increased risk of short- and long-term adverse consequences for the
fetus and mother, the most significant of which is a predisposition to the
development of metabolic syndrome and Type 2 diabetes mellitus
(T2DM). There is substantive evidence for deposition of aggregated hu-
man amylin (hA) in organs of T2DM patients, including pancreas, heart,
kidney and brain, consistent with haematogenous spread of aggregated

hA from the islet. We aim to characterise a novel mechanism potentially
responsible for the transmission of T2DM between the mother and
offspring.

Materials and methods: hA over-expression transgenic (TG) and non-
transgenic (NT) female mice as control were mated with NT male mice.
NT male offspring from both TG and NT mother were subjected to more
in-depth phenotypic characterization. Biochemical and physiological
methods including measurements of litter-weights, litter-sizes, growth
curves, blood glucose, intraperitoneal insulin tolerance test, intraperitone-
al glucose tolerance test, and serum hormone (insulin, leptin, adiponectin)
levels.

Results: NT male offspring from TG mother displayed several character-
istics of T2DM. NT male offspring from TG mother weigh significantly
more than NT male offspring from NT mother by 137 days of age. NT
male offspring from TG mother also developed hyperinsulinaemia with
insulin resistance, hyperleptinaemia with leptin resistance, and glucose
intolerance between 120240 days of age. More importantly, 70% of NT
male offspring from TG mother developed diabetes, whereas none of NT
male offspring from NT mother did. Moreover, they acquire this syn-
drome before their mothers become hyperglycaemic.

Conclusion: Non-diabetic hA over-expression TG mothers transmit
T2DM to their NT offspring with high penetrance, whereas NT mothers
do not, indicating amylin oligomer could potentially play a role in the
transmission. The mechanism of inter-generational transmission of
T2DM is vital to understand its familial clustering and increasing
prevalence.
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Pdx1-deficient zebrafish exhibit diabetes-induced altered function
and structure of the pronephros and increased retinal sprouting
angiogenesis

L.M. Wiggenhauser, S.J. Stoll, J. Kroll;

Department of Vascular Biology and Tumor Angiogenesis, European
Center for Angioscience (ECAS), Medical Faculty Mannheim,
Heidelberg University, Mannheim, Germany.

Background and aims: Diabetic microvascular complications, e.g. ne-
phropathy, retinopathy and neuropathy, are a major cause of morbidity
and quality of life decrease in the rising number of diabetes patients
worldwide and therapy options are limited. Pdx1 is a transcription factor
responsible for MODY 4 diabetes and necessary for pancreatic $3-cell
maturation and insulin production. To enhance the available set of screen-
ing organisms for new interventions and uncover possible new mecha-
nisms of mentioned complications, we established a new genetic animal
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model in embryonic and adult zebrafish to study microvascular compli-
cations in a pathophysiological setting of type 1 diabetes mellitus by gene
knockdown of pdx1.

Materials and methods: Pdx1-deficient zebrafish were generated using
CRISPR/Cas9 mediated genome editing, targeting exon 1 of the zebrafish
pdxI gene in the ABTL strain. Through selective breeding homozygous
pdxI”" mutants were generated and validated in different reporter lines
via sequencing and western blot for Pdx1. To examine the effect of the
pdx] gene knockdown transgenic fluorescent zebrafish embryos were
studied by fluorescence and confocal laser scanning microscopy. The
constructs Tg(hb9:GFP), Tg(flil:EGFP) and Tg(wt1b:GFP) were utilised
to investigate pancreatic, vascular and nephric changes respectively. To
assess ultrafiltration fluorescence-labelled 70 kDa dextran was intracardi-
ally injected. The dextran was chosen to resemble the size of human
albumin. Adult zebrafish were sacrificed for blood sugar measurements,
histology and retinal preparations.

Results: pdx]/~~ embryos show reduced pancreatic size and adult spec-
imen have increased blood sugar values 2 hours after feeding (P < 0.05).
Homozygous pdxI~"~ knockdown in zebrafish leads to morphological
changes of the developing pronephros and is accompanied by increased
loss of dextran through the filtration barrier (P <0.05). The embryonic
trunk vasculature did not exhibit susceptibility to the genotypical influ-
ence. The adult retinal vasculature analysis uncovered increased
sprouting angiogenesis in both heterozygous pdxI*~ and homozygous
pdxI™"" zebrafish and changes in the vascular architecture (P < 0.05).
Conclusion: pdx] knockdown successfully impaired pancreas develop-
ment and function in zebrafish and lead to changes in organs, which are
vulnerable to microvascular complications. Increased loss of dextran in
injected pdx]~"~ zebrafish and increased retinal vascular sprouting are
indicating of pathophysiological mechanisms similar to the human con-
dition. These findings suggest that zebrafish are susceptible to pdx!
knockdown-mediated diabetic complications in both kidney and retina
and should be further evaluated as a potential research model.
Supported by: GRK1874
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Downregulation of FKBPL influences metabolic and vascular func-
tion in experimental model of diabetes

A. Alqudah', R. McNally', N. Todd', K. Edgar', A. Short, D. Grieve',
T. Robson?, L. McClements';

1Queen’s University Belfast, Belfast, UK, 2Royal College of Surgons in
Ireland, Dublin, Ireland.

Background and aims: There are currently over 400 million people
living with diabetes in the world. Cardiovascular disease (CVD) is the
leading cause of death globally and people with diabetes have a three-fold
higher incidence of CVD. The underlying mechanisms implicated in the
development of CVD in association with diabetes are linked to aberrant
angiogenesis and endothelial dysfunction. FKBPL is a novel anti-
angiogenic protein which has a critical role in physiological and patho-
logical angiogenesis. While Fkbp/ homozygous knockout mice resulted
in embryonic lethality, Fkbpl™~ embryos were viable and developed
normally but showed signs of early vascular dysfunction and leakiness.
Based on these findings, we now investigate the effect of FKBPL down-
regulation on metabolic and vascular function in a streptozotocin (STZ)-
induced diabetic mouse model.

Materials and methods: Both wild-type (WT, C57BL/6N) Fkbpl"* and
Flkbpl™~ mice were randomized between 10 and 12 weeks of age to either
STZ treatment (5 consecutive STZ injections at 50 mg/kg/day) or vehicle
control treatment with citrate buffer. Metabolic parameters were mea-
sured weekly. Insulin tolerance (ITT) and echocardiography tests were
performed at 12 weeks of diabetes. Following 13 weeks of diabetes,
organs were excised for immunofluorescent ex-vivo analysis.
Comparisons were analyzed using one-way ANOVA.

@ Springer

Results: Blood glucose levels were higher in Fkbpl"™~ diabetic mice
compared to Fkbpl™* diabetic controls during a period of 8 to 12 weeks
of diabetes (p < 0.05, n > 6). Glycated haemoglobin (HbA1c) was higher
in both non-diabetic and diabetic Fkbpl""~ mice compared to Fkbpl™*
controls (non-diabetic, 31 + 0.9 mmol/mol vs. 27.25 + 0.8 mmol/mol, p <
0.05, n > 6; diabetic, 88.7 + 3.1 mmol/mol vs. 69.8 + 3.5 mmol/mol, p <
0.001, n >6). Notably, Fkbpl™"~ non-diabetic mice gained more weight
compared to Fkbpl™" non-diabetic controls on a normal diet (10.92 +
0.51 gvs. 705+1.02 g, p <0.05, n >6). However, no differences in
blood glucose levels were observed between these two groups of mice.
The results of ITT at 12 weeks of diabetes showed a trend towards higher
blood glucose levels in diabetic Fkbpl™~ mice compared to Fkbpl™*
diabetic controls (at 0 min, 33.3+0 mmol/l vs. 29.12+0.56 mmol/I,
p <0.05; at 120 min, 20.3 £3.02 mmol/l vs. 15.6+1.61 mmol/l, p =
0.09, n >6). This was associated with significant cardiac diastolic dys-
function, as indicated by reduced E/A ratio in both Fkbpl ™" and Fkbpl™"~
diabetic mice compared to their respective controls (p <0.001, n >6),
whilst E/A tended to be elevated in the non-diabetic Fkbpl""~ mice com-
pared to Fkbpl ™ controls (p = 0.08, n > 6). Immunofluorescence staining
of the hearts showed lower FKBPL protein expression in Fkbpl™* dia-
betic mice compared to non-diabetic controls (mean fluorescence inten-
sity: 0.12+0.03 vs. 1 £0.17, p <0.01, n > 4). Cardiac protein expression
of intercellular adhesion molecule 1 (ICAM-1), a marker of endothelial
dysfunction, was higher in diabetic animals as well as in Fkbpl"™"~ non-
diabetic mice compared to Fkbpl™* controls (mean fluorescence intensi-
ty: 1.37+0.13 vs. 1+0.04, p <0.01, n>4).

Conclusion: Our results suggest that FKBPL may play a key regulatory
role in fat and glucose metabolism as well as irregular cardiac angiogen-
esis associated with diabetes. As such, FKBPL could be explored as a
potential therapeutic target for prevention of cardiovascular complica-
tions of diabetes

Supported by: This project is funded by Hashemite University in Jordan
Disclosure: A. Alqudah: None.
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Imaging Ins2 gene activity and single-cell RNA sequencing reveal
heterogeneous beta cell states

H. Modi', H. Cen', S. Skovse', X. Hu'!, N. Krentzz, D. Dionne', S.
Xuan®, M. Huising4, F. Lynnl, J. Johnson';

lUniversity of British Columbia, Vancouver, Canada, 2University of
Oxford, Oxford, UK, 3University of Columbia, New York, USA,
4University of California, Davis, USA.

Background and aims: Functional b-cell heterogeneity is well
established and studied. Previous work from our group identified dynam-
ic states marked by fluorescent proteins driven by the promoters of insulin
and Pdx1. In order to study b-cell heterogeneity of insulin production
with more accuracy, we tumed to an Ins2%"" knock-in/knockout mouse
line, and other knock-in alleles. Here, our aims were to characterize het-
erogencous b-cell states using mice and cells expressing the /ns2°""
knock-in allele over time using live-cell imaging and single-cell RNA
sequencing technology.

Materials and methods: Based on our preliminary data showing hetero-
geneity of GFP expression in the /ns2°*" knock-in islets, we crossed this
line with Ins1-mCherry transgenic mice that are known to show relatively
stable mCherry expression. We conducted immunofluorescence of intact
pancreatic sections and FACS analysis of dispersed islets to characterize
GFP abundance. Dispersed islet cells from the resulting double-mutant
Ins2SFP"'Ins1-mCherry were studied over ~3 days using
TmageXpress™ RO live-cell imaging systems. Single-cell RNA sequenc-
ing, using the 10X Genomics platform, was performed on FACS purified
GFP (+) and GFP- (-) b-cells from younger as well as older Ins26FP
knock-in/knockout mice.

Results: Analysis of pancreatic tissue sections from Ins2°F knock-
in mice showed that, at any given time, only about half of all b-cells
were robustly GFP-positive, suggesting that not all b-cells have
active transcription at the /ns2 locus in vivo. FACS analysis con-
firmed /ns2 mRNA and pre-mRNA were increased in GFP-positive
cells compared to negative cells (861.9+110.5 vs 97.2+16.3, 2.06
+0.45 vs 1.01 £0.04 respectively). In vitro perifusion of islets iso-
lated from Ins2S"SFP knock-in/knockout mice showed reduced in-
sulin secretion at 20 mM glucose (AUC =44.63 +4.7) compared to
heterozygous Ins2%F*™' knock-in/knockout mice (AUC =82.5+
6.3) and control /ns2™"V* mice (AUC=71.7+10.2). Live-cell im-
aging of dispersed cells from Ins /™™ :Ins 27! mice revealed
that GFP fluorescence flashed on and off in a sub-set of cells, sug-
gesting bursts of transcription at the /ns2 gene locus rather than
stable heterogeneity. Using Cell Profiler software and custom R
scripts, we tracked individual cell GFP activity and found that 153
out of 547 cells show flickering GFP activity. Principal component
analysis identified 3 distinct clusters of /ns2 gene activity cell be-
haviors. Single-cell RNA sequencing on FACS purified GFP-
positive and GFP-negative population from islets isolated from
young as well as old homozygous Ins2°T”CFF and heterozygous
Ins29FP'W' knock-in/knockout mice identified significantly up-
regulated (Dapll, Npy, Pgkl) and down-regulated (Xist, Nuprl,
Rbp4) genes between low-GFP and high-GFP (3-cells, which further
gives insight about molecular features of this b-cell state.
Conclusion: Our results demonstrate the /ns2°"" knock-in mice are a
useful tool for studying b-cell heterogeneity, state transitions and plastic-
ity. To the best of our knowledge, our observations are the first to find a
previously uncharacterized form of b-cell plasticity and/or heterogeneity.
Understanding the dynamics of insulin production has relevance for un-
derstanding the pathobiology of diabetes and for regenerative therapy
research.

Supported by: JDRF

Disclosure: H. Modi: None.
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Loss of beta cell heterogeneity disrupts normal islet function

D. Nasteska', G.A. Rutter’, Q. Zhou®, D.J. Hodson';

1University of Birmingham, Birmingham, UK, 2Department of Medicine,
Imperial College London, London, UK, 3 Department of Stem Cell and
Regenerative Biology, Harvard University, Cambridge, USA.

Background and aims: Immature 3-cell subpopulations such as hubs
give rise to heterogeneity in the islet, although it is still unclear how this
may impact function in situ. To explore the contribution of heterogeneity
to stimulus-secretion coupling and insulin release in the intact islet, we
generated a loss of heterogeneity model using a viral strategy to upregu-
late (3-cell maturity.

Materials and methods: Islets from wild-type mice (WT) were infected
with an adenoviral vector carrying the polycistronic construct for Pdx/,
MafA, Ngn3 and mCherry (Ad3-NPM). Control islets (CT) were non-
infected or treated with control virus (Ad-PATagRFP). Short hairpin
RNA (shRNA) and corresponding scrambled control was used for knock-
down of PdxI. Gene expression was confirmed by qPCR and proteins
detected by immunohistochemistry (IHC). High-speed spinning disk mi-
croscopy, coupled with biosensors/organic dye application was used for
measuring Ca®* fluxes, cCAMP and ATP/ADP. HTRF assay was used to
measure insulin secretion after stimulation with glucose and incretin
mimetic.

Results: Forty eight hours post-infection (Ad3-NPM), Pdx] and MafA
expression levels were increased (Pdx!: 9.9-fold vs CT, p <0.01; MafA:
2.2-fold vs CT, p <0.01), while Ngn3 showed no change. Pdx] overex-
pression, as assessed by IHC, was largely restricted to Pdx1'™" B-cells,
inducing homogeneity across the 3-cell population. The balance of the
islet endocrine populations was unaffected, as concluded by normal o/f3
and &/f ratios and normal «-specific gene expression (Arx and Pax6).
Loss of heterogeneity impaired both glucose-stimulated (8.7 vs 5.2%
content, CT vs Ad3-NPM; p <0.01) and incretin-stimulated insulin se-
cretion (56 vs 29% content, CT vs Ad3-NPM; p <0.01). Ca** fluxes were
blunted, both during high glucose (AF=1.34 vs 0.6 AU, CT vs Ad3-
NPM; p <0.01) and incretin stimulation (AF=0.46 vs 0.28 AU, CT vs
Ad3-NPM; p <0.05). cAMP levels but not ATP/ADP ratios were signif-
icantly decreased in Ad3-NPM islets (% forskolin max = 127 vs 71.5, CT
vs Ad3-NPM; p <0.05). The proportion of hubs (12 vs 8% hubs, CT vs
Ad3-NPM; p < 0.05) and (3-cell-3-cell connectivity (12.6 vs 6.0%; CT vs
Ad3-NPM; p <0.05) (i.e. coordination) were reduced, accompanied by
decreased gene expression of Gjd2, encoding the gap junction protein
connexin 36 (0.75-fold vs CT; p <0.05). A reduction of expression was
also seen in Cacnld and Cacnb2 subunits of the voltage-gated Ca**
channels (0.75-fold and 0.67-fold vs CT; p <0.05). Experiments in
Pdx1-silenced islets (aiming to increase the Pdx1'" population) showed
similarities to many of the above-listed results. Pdx/ expression in the
islet was reduced (0.7-fold vs CT), mainly due to a reduction in the
Pdx1™" B-cell population, and this was associated with the absence of
glucose-stimulated insulin secretion. Ca®* amplitude in response to high
glucose showed a significant drop (AF=0.38 vs 0.21 AU, CT vs shRNA
treatment; p < 0.01), together with a decrease in hub proportion (12 vs 6%
hubs, CT vs shRNA treatment; p < 0.05) and cell-cell connectivity (13.8
vs 8.9%; CT vsshRNA treatment; p < 0.05).

Conclusion: Loss of {3-cell heterogeneity caused by changes in (3-cell
maturity prevents islets from mounting appropriate responses to stimuli.
Cellular diversity within the beta complement thus appears to be an es-
sential part of islet physiology.

Supported by: Diabetes UK, MRC, ERC
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Differential beta cell coupling patterns drive biphasic activity

M. Jaffredo’, A. Pirogz, E. Bertin', B. Catargi3, S. Renaud?, J. Langl, M.
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Background and aims: After food intake, pancreatic islets secrete insulin
with a biphasic pattern, which is impaired in type 2 diabetic patients. The
mechanisms underlying this pattern have not been fully elucidated and the
presence of distinct vesicle pools has been proposed as explanation.
Electrical activity of islets consists of individual {3 cell activity (action
potentials, APs) and the multicellular electrical response due to coupling
between 3 cells (slow potentials, SPs). We addressed here the contribution
of these two distinct activities to the 1 and the 2™ phase of B cell activity,
and their modulation by physiological concentrations of GLP-1.
Materials and methods: Electrical activity (SPs and APs) of entire mice
(C57Bl6/], age 1014 weeks) or human islets have been recorded on
polymer-coated microelectrode arrays (MEA). These new electrodes al-
low simultaneous detection of APs (of very low amplitude) and SPs at a
high time resolution (10’000 points/s x60 electrodes) for a prolonged
period mimicking physiological digestion (2 h). Specific filters differen-
tially detect SPs and APs and 3 parameters were analyzed at the same
time: SP frequencies, SP amplitudes and AP frequencies. To investigate
synchrony of SPs between different regions of the same islet, we used
high density MEAs with an inter-electrode distance of 30 instead of
200 wm followed by analysis via Matlab.

Results: Islets were stimulated with glucose concentrations in the phys-
iological range (5.5-8.2 mM). Electrical responses were biphasic for both
SPs and APs. APs were mainly present during the 1* phase while the
transition between the 1 and the 2™ phase is driven by SPs. In 2" phase,
the SP amplitude and synchronisation increased significantly (1% phase:
18.1+£2.3 uV; 2™ phase: 47.4+5.5 uV, p <0.0001), reflecting further
electrical coupling and synchronisation of (3 cells. The intra-islet synchro-
nisation was also further correlate using high density MEAs. The incretin
GLP-1, at a physiological postprandial concentration (50 pM), did not
change the individual activity of cells (APs) but increased specifically
coupling (SPs) and only in the 2°® phase (37.7+3.0 uV vs 47.0 +
4.2 uV with GLP-1, p <0.0001). Furthermore, when GLP-1 was applied
in the presence of a subthreshold glucose concentration (5.5 mM), the
hormone triggered only a 2™ phase. The biphasic electric profile was
confirmed in human islets. Their exposure to a glucotoxic medium
(20 mM glucose, 65 h) considerably increased basal activity and
abolished the biphasic response as well as the discrimination between
glucose concentrations. These glucotoxic effects were partially reversible.
Conclusion: Our data show that (i) electrical activity pattern shape the
biphasic secretion and (ii) the transition period between the 1% and the 2™
phase results from increasing electrical synchronisation. Thus biphasic
secretion is primarily dictated by changes in electrical activity rather than
vesicle pools. The effects of GLP-1 on only coupling SP signals and only
during the 2™ phase explain its clinical effects.

Supported by: ANR, Région Nouvelle Aquitaine - FEDER

Disclosure: M. Jaffredo: None.
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Glucose regulates pancreatic islet beta cell calcium dynamics and
intercellular connectivity in vivo
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>University of Birmingham, Birmingham, UK, ®University of Pisa,
Pisa, Italy, "Radcliffe Department of Medicine, University of Oxford,
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Background and aims: The coordinated function of pancreatic islet 3
cells is believed to be essential for the efficient release of insulin in
response to elevated glucose concentrations. Whilst this behaviour has
been demonstrated in vitro in isolated islets, its existence in vivo, where
the islet is perfused and receives neural inputs, has not previously been
examined. Here, we use the recombinant Ca** sensor GCaMP6 to explore
connectivity in three living animal models: the zebrafish D. rario; in
murine islets transplanted into the anterior chamber of the C57BL6 mouse
eye (ACE), and in human islets engrafted in the ACE of immunodeficient
nu/nu mice.

Materials and methods: D. rario bearing GCaMP6s and nuclear
mCherry transgenes under the insulin promoter were immobilized and
imaged on a Zeiss 780 laser-scanning confocal microscope (40x dipping
objective, 488 nm illumination; 0.1 Hz data acquisition). Glucose manip-
ulations were made through the bath or via direct intracardiac injection.
Mouse (C57Bl6, Inlere:GCaM6m’/f) or human islets infected with ad-
enovirus expressing GCaMP6m, were injected into the ACE then imaged
3—4 weeks later under isofluorane anaesthesia. Insulin or glucose were
infused either via tail vein or IP to achieve “low glucose” concentrations
(<6 mmol/l) or “high glucose” concentrations (>20 mmol/l). Data were
collected on a modified Nikon Ti-E spinning disc confocal microscope
(20x, 0.75 NA water immersion objective; 1-3 Hz). Corrections for
movement, using nuclei as landmarks, were performed off-line using
Fiji, and Ca®* traces analyzed in manually-defined cytosolic regions with
Image J and Igor.

Results: In each of the three systems, significant B cell Ca** dynamics
existed under basal conditions. In zebrafish, these were rapidly abrogated
upon glucose lowering via insulin injection or following the temporal
inhibition of blood flow. The amplitude of the observed oscillations,
and the degree of connectivity between individual 3 cells, were both
increased in response to increases in circulating glucose concentrations.
Examined in larger (>200 pm) mouse islets, Ca>* waves often began at
sites remote from capillaries, consistent with the existence of hub/
pacemaker cells which serve as initiators of the waves. Increasing glucose
concentrations augmented the proportion of connected (3 cells in
zebrafish islets from <10 to 75+ 9% (p <0.001) of all cells, and correla-
tion strength (R) from 0.15+£0.03t0 0.74+ 0.1 (» < 0.001; n = 6 animals).
Equivalent values for mouse islets were 65 to 86% (n =5; p =0.02) and
R-values 0.34+0.07 to 0.46+£0.08 (n =5; p =0.05). For human islets,
elevated blood glucose increased connectivity from 58.3% to 63.9% (n =
1 female, age 54, BMI 24.5).

Conclusion: These studies demonstrate glucose-regulated intercellular
connectivity between f3 cells in vivo, and provide evidence for important
hierarchical 3 cell behavior involving “hubs” and “followers” in initiating
and sustaining Ca>* dynamics and insulin secretion.

Supported by: Diabetes UK, Wellcome Trust, Medical Research Council
Disclosure: V. Salem: None.
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Beta-screen: non-invasive, easy to use MEA-based parallelised
screening system for intact islets of Langerhans

S. Schiineckerl, K.-H. Bovenl, U. Kraushaarz;

"Multi Channel Systems, Reutlingen, *Natural and Medical Sciences
Institute at the University of Tiibingen, Reutlingen, Germany.

Background and aims: Increase in blood glucose concentration leads to
glucose-induced electrical activity of pancreatic beta cells resulting in
insulin secretion. This electrical activity manifests in glucose
concentration-dependent oscillations which can easily be recorded by
microelectrode arrays (MEA). To increase the throughput of the measure-
ments to be suitable for drug development we engineered a MEA-based
parallelized recording system for primary rodent, human or stem cell
derived islets of Langerhans called Beta-Screen.

Materials and methods: The recording chip consisting of five electrodes
allows to record electrical oscillations from intact islets of Langerhans.
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Eight chips can be connected to the device which enables recording from
40 islets simultaneously. Positioning is realized by suction and 8 cham-
bers can be perfused independently. Intact murine Islets of Langerhans or
islets isolated from human biopsies were used for recording. Electrical
activity was recorded at 37°C as field potentials and quantified as fraction
of plateau Phase (FOPP) or as number of single spike activity (spikes/
Smin).

Results: The glucose concentration response curve recorded with murine
islets plotted as FOPP revealed a half-maximal activity of 12.26 £2 mM
(n =12) which is in line with traditional methods e.g. intracellular elec-
trodes. The application of 150 uM diazoxide inhibited (n =13) while
300 uM tolbutamide restored electrical activity (n = 13). Human islets
of Langerhans displayed typical glucose-induced activity (10 mM, n =
10). Validation studies with tolbutamide and diazoxide showed the exis-
tence of functional Karp channels. Diazoxide reduced the mean spike
activity from 833 £339 Spikes/5 min (10 mM glucose) to 8 +4 spikes/
5 min. The additional application of tolbutamide restored spike activity
up to 876 £310 spikes/5 min. TTX reduced spike activity from 1047 +
314 to 199+ 90 spikes/5 min after the application of 300 nM TTX (n =
11). The washout led to an increase of spike activity to 779 + 301 spikes/
min (n =11). The glucose concentration response curve of the spike
activity revealed an EC50 value of 8.66 +3.02 mM glucose.The glucose
responsiveness in human islets recorded with the Beta-Screen is in line
with other reports showing that the EC50 value of human beta-cells
(~6 mM) is lower than in mouse beta-cells.

Conclusion: This study shows the successful development of a
parallelized MEA chip, which allows to simultaneously record electrical
oscillations from up to 40 intact islets of Langerhans. Previous attempts to
use electrophysiological features as readout for a higher throughput
screening failed due to technical limitations. The Beta-Screen device
enables for the first time acute electrophysiological medium throughput
recordings of intact islets. The validation of the Beta-Screen device re-
vealed properties of electrical activity which are comparable to literature
as well as to the acute recordings obtained with the classical MEA chips.
This improvement of throughput will facilitate future studies with murine,
human or stem cell derived islets of Langerhans. Moreover, it will facil-
itate basic research, e.g. in combination with knockout mice. Importantly,
the capability to also record human islets opens numerous new possibil-
ities for this approach, e.g. the system could be used as a quality control
system prior to transplantation of human islets into patients with type 1
diabetes.

Supported by: BMBF-program KMUinnovativ: BiotechnologieBioChance,
0316162A, #0316162B

Disclosure: S. Schonecker: None.
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Role of the very long chain fatty acid elongase 2 (ElovI2) in the con-
trol of beta cell Ca** dynamics and connectivity

E. Georgiadou;

Medicine, Section of Cell Biology and Functional Genomics, London,
UK.

Background and aims: ELOVL2 is an enzyme that synthesizes w3-
polyunsaturated fatty acids (PUFAs) including DHA (docosahexaenoic
acid). Recent comparisons of multiple mouse strains have implicated
ElovI2 in the control of insulin secretion. Correspondingly, mice deleted
for Elovi2selectively in the 3-cell display impaired glucose homeostasis.
In order to understand the molecular mechanisms involved, we have
explored the role of a) altered Ca** dynamics and b) 3-cell communica-
tion in these changes.

Materials and methods: C57Bl/6N male mice bearing floxed Elovi2
alleles were bred to Ins1Cre animals to achieve highly selective deletion
in (3-cells. Animals were fed with regular chow (RC) or high fat diet
(HFD, 36% fat) for 3 months. Ca** imaging of whole isolated islets
was performed after loading with Fluo-8 (Stratech;10 uM), and

perifusion in modified Krebs-Ringer buffer (mM: 130 NaCl, 3.6 KCl,
0.5 NaH,POy4, 24 NaHCO;, 24 NaHCO;, 1.5 CaCl,, 0.5 MgSOy,, 10
HEPES) containing 3 mM glucose previously equilibrated with 95% O,
and 5% CO, at 34-36°C. Images were captured at 0.5 Hz on a Zeiss
Axiovert microscope equipped with a 10X 0.3-0.5 NA oil immersion
objective, coupled to a Nipkow spinning-disk head (Yokogawa CSU-
10) and illuminated at 491 nm. Connected cell numbers were determined
using in house software (Igor) and the strength of correlation (R) with a
Matlab (Mathworks) script.

Results: An elevation in glucose concentration from 3 to 17 mM
prompted biphasic, oscillatory increases in intracellular Ca** dynamics
in islets isolated from wild type (WT) animals fed on a RC diet.
Conversely, both phases were reduced in islets deleted for Elovi2. Ca**
dynamics were also reduced in islets from WT mice maintained on HFD,
and loss of Elovi2 further suppressed the response to high glucose (p <
0.01, n =15-17 islets RC vs HFD p < 0.05, n =24-27 islets). Responses
to depolarisation with 20 mM KCI were also reduced in islets from Elovi2
KO mice vs WT controls maintained on either diet. The number of con-
nected cell pairs was reduced by deletion of Elovi2 by 15% (p >0.05,n =
27 islets) when examined at 3 mM, but not in 17mM (p >0.05, n =27
islets) glucose in islets isolated from mice fed on HFD. The increase in R
between cell pairs at 17mM vs 3mM Glucose was reduced by Elovi2
deletion (20% on RC and 10% on HFD).

Conclusion: These data demonstrate that Elovi2 is required for glucose
and depolarisation induced islet-wide Ca®* dynamics and intercellular
connectivity. This may suggest that very long chain fatty acids, including
DHA, influence -cell membrane potential or Ca®* channel activity. Our
observations also demonstrate that maintenance of mice on HFD reduces
Ca** dynamics and connectivity and therefore, that altered ratios of
unsaturated:saturated fatty acids may be an important determinant of
glucose-induced insulin secretion.

Disclosure: E. Georgiadou: None.
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DURATION-8 randomised controlled trial 104-week results: efficacy
and safety of once-weekly exenatide (ExQW) plus once-daily
dapagliflozin (DAPA) vs ExQW or DAPA alone

E. Hardy', S.A. Jabbour?, C. Guja®, S. Bhattacharya', PX. Ohman', J.P.
Frias*;

lAstraZeneca, Gaithersburg, USA, >Thomas Jefferson University,
Philadelphia, USA, 3Carol Davila University of Medicine and
Pharmacy, Bucharest, Romania, “National Research Institute, Los
Angeles, USA.

Background and aims: In patients with type 2 diabetes mellitus (T2DM)
uncontrolled on metformin alone, exenatide once weekly (ExQW) +
dapagliflozin (DAPA) significantly reduced glycaemia, body weight
and systolic blood pressure compared to ExQW + placebo (PBO) or
DAPA + PBO at 28 weeks (DURATION-8 trial). Here, we examined
the efficacy and safety of this combination after 104 weeks of double-
blind therapy.

Materials and methods: In DURATION-8, adults with T2DM and in-
adequate glycaemic control despite stable metformin monotherapy
(>1500 mg/day) were randomly assigned to receive ExQW (2 mg s.c.
injection) + DAPA (10 mg oral tablet), ExXQW + PBO or DAPA + PBO
for 28 weeks. Patients entered 52- and 104-week controlled extension
periods where they continued to receive active treatment. HbA., body
weight and systolic blood pressure along with safety were evaluated after
104 weeks.

Results: Of 695 patients randomised, 431 (62%) completed 104
weeks; 4.3% patients withdrew due to adverse events (AEs).
Absolute reductions and between-group differences in HbA ;. were
achieved at week 28 and maintained over weeks -52 and -104
(Figure). ExXQW + DAPA significantly reduced fasting plasma
glucose (FPG; mg/dL) at week 28 compared with ExQW alone
(least-square [LS] mean [SEM]; —20.1 [4.0]; P <0.001) or DAPA
alone (LS mean [SEM]; —16.6 [3.9]; P <0.001), with clinically
relevant results observed at week-52 and -104 (change in FPG
from baseline for ExQW + DAPA vs ExQW alone and DAPA
alone at weeks 52 and 104 [LS mean {SEM}]: —17.6 [4.1],
—19.2 [5.9] and—23.3 [4.0], —27.1 [6.0]; P <0.001, respectively).
Clinically relevant changes versus baseline in other efficacy end-
points (postprandial glucose, body weight and systolic blood pres-
sure) were also observed for the ExQW + DAPA group at week
104. All evaluations at 104 weeks were exploratory. AEs and
serious AEs (SAEs) were balanced across treatment groups.
SAEs were reported in 7.4%, 7.8% and 7.7% of patients in the
ExQW + DAPA, ExQW + PBO and DAPA + PBO groups, re-
spectively. Hypoglycaemia incidence was low. None of the pa-
tients experienced major hypoglycaemia. Minor hypoglycaemia
and other hypoglycaemic events were more frequent with ExQW
+ DAPA vs ExQW + PBO and DAPA + PBO (1.7% and 6.9% vs
0.0% and 3.5% vs 0.4% and 3.4%, respectively).

Conclusion: ExQW + DAPA maintained efficacy over 104 weeks with
no unexpected safety concerns.
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Clinical Trial Registration Number: NCT02229396

Supported by: Funding for this analysis was supported by AstraZeneca
Pharmaceuticals LP.

Disclosure: E. Hardy: Employment/Consultancy; AstraZeneca.
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Effect and safety of oral semaglutide monotherapy in type 2 diabetes:
PIONEER 1 trial

M. Haluzik', J. Rosenstock?, Y. Terauchi’, O. Jeppesen4, E.
Christiansen*, C.L. Hertz*, V.R. Aroda®®;

nstitute for Clinical and Experimental Medicine, Prague,
Czech Republic, Dallas Diabetes Research Center at Medical City,
Dallas, USA, *Yokohama City University, Yokohama, Japan, “Novo
Nordisk A/S, Seborg, Denmark, *Brigham and Women’s Hospital,
Boston, USA, *MedStar Health Research Institute Hyattsville,
Hyattsville, USA.

Background and aims: Oral semaglutide, the first glucagon-like pep-
tide-1 (GLP-1) receptor agonist in a tablet formulation, is in late-stage
development for the treatment of type 2 diabetes (T2D).

Materials and methods: The effect and safety of oral semaglutide (3, 7,
or 14 mg once daily) was assessed in this randomised, double-blind,
placebo-controlled phase 3a trial in drug-naive patients with T2D uncon-
trolled on diet and exercise (n = 703). The primary endpoint was change
from baseline in HbA . at week 26. The primary estimand (treatment
policy) evaluated the effectiveness regardless of trial product discontinu-
ation or rescue medication use. A secondary estimand (hypothetical)
evaluated the efficacy of trial product while on treatment without rescue
medication using a mixed model for repeated measures (MMRM), and is
the conventional statistical method used in many previous T2D studies.
Results: Baseline characteristics were balanced between treatment
groups: approximately 49% of patients were female, mean age was 55
years and mean duration of diabetes was 3.5 years. Oral semaglutide
resulted in clinically meaningful reductions in both HbA . (all doses)
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and body weight (higher doses) at week 26 (Table). Adverse events (AEs)
occurred in 58%, 53% and 57% for 3, 7, and 14 mg oral semaglutide,
respectively, and 56% with placebo. The most common AE with oral
semaglutide was transient mild or moderate nausea. Nausea occurred in
5-16% of patients with oral semaglutide vs 6% with placebo.
Conclusion: This trial represents the first phase 3 demonstration of the
effect and safety of an orally administered GLP-1 receptor agonist. In
conclusion, oral semaglutide demonstrated superiority vs placebo in re-
ducing HbA . (all dose levels) and body weight (14 mg) and, consistent
with the GLP-1 receptor agonist class, it was well tolerated in T2D un-
controlled on diet and exercise.

Oral ide3mg | Oral ide 7 mg. | ide 14 mg Placebo
(n=175) (n=175) (n=175) (n=178)
[Baseline HbA,, %-points 7.9 8.0 80 7.9
[Baseline body weight, kg 869 89.0 88.1 886
[ENDPOINTS AT WEEK 26 BY PRIMARY AND SECONDARY ESTIMANDS
PRIMARY SECONDARY| PRIMARY SECONDARY| PRIMARY SECONDARY| PRIMARY ~SECONDARY
Change from baseline inHbA,, | -0.940.1  0.8:01 | 12401 -13:01 | 14401 -15:01 | 03:01 -01:0.1
%-points + SE (primary endpoint)
HbA, (%-points) treatment 06 07 09° 12* 11 14
difference vs placebo [95%CI] | [-0.8;-0.4] [-0.9;-0.5) | [-1.1;-06) [-15;-1.0] | [-1.3;-09] [1.7-1.2)
Change from baseline in body 15£03 -17:03 | -23%04 -25:03 | -37$#03 -41%03 | -14:03 -15:03
weight, kg  SE (secondary
confirmatory endpoint)
Weight (kg) treatment 01 02 09 -10* 2.3 26 - -
difference vs placebo [95%CI] | [0.9;0.8) [-1.0;06] | [19;01] [-18;-02] | [-3.5;-15] [3.4;-18]
Proportion of subjects with HbA,
<7%, %
Proportion of subjects with
weight loss >5%, %

55.1° 59.1 68.8* 79 76.9° 80.3* 310 338

19.6 213 26.9* 28.7* 413" a3 149 15.7

9<0.05; 'p<0.001 vs placebo. Baseline data a

Clinical Trial Registration Number: NCT02906930

Supported by: Novo Nordisk A/S

Disclosure: M. Haluzik: Employment/Consultancy; Novo Nordisk, Eli
Lilly, Sanofi Aventis, AstraZeneca, Novatin. Grants; Eli Lilly, BMS,
AstraZeneca. Lecture/other fees; Novo Nordisk, Eli Lilly, Novartis,
Sanofi, Aventis, Johnson & Johnson, AstraZeneca, Novatin, Medtronic,
Mundipharma.
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Common variants in the GLP-1 receptor are associated with
glycaemic response to GLP-1 receptor agonists in observational
and large RCT data: an IMI-DIRECT study

A.Y.Dawed', A. Mari?, T.J. McDonald®, N.R. Robertson®, A. Mahajan®,
M. Walker®, S. Gough7, K. Zhou', 1. Forgiel, H. Ruetten®, 1. Pavo’, S.G.
Pillai’, A.G. Jones’, E.R. Pearson', for the DIRECT consortium;
"Molecular and Clinical Medicine, University of Dundee, Dundee, UK,
2CNR Institute of Neuroscience, Padua, Italy, 3NIHR Exeter Clinical
Research Facility, University of Exeter and Royal Devon and Exeter
Hospital, Exeter, UK, “Molecular and Clinical Medicine, Wellcome
Trust Centre for Human Genetics, University of Oxford, Oxford, UK,
SWellcome Trust Centre for Human Genetics, University of Oxford,
Oxford, UK, ®Institute of Cellular Medicine, Newcastle University,
Newcastle upon Tyne, UK, "Oxford Centre for Diabetes Endocrinology
and Metabolism, NIHR Oxford Biomedical Research Centre, Oxford,
UK, ®Sanofi-Aventis Deutschland GmbH, TMED, Frankfurt, Germany,
Eli Lilly Research Laboratories, Indianapolis, USA.

Background and aims: Glycaemic response to GLP-1 Receptor Agonist
(GLP-1RA) treatment varies markedly among patients with Type 2
Diabetes (T2D) yet the mechanism for this variation is uncertain.
Common missense variants in the GLP-/R have previously been reported
to alter GLP-1 mediated insulin secretion. We aimed to investigate how
variants in the GLP-IR alter glycaemic response to the GLP-1RA in a
locus wide meta-analysis.

Materials and methods: We performed a meta-analysis using data from
four observational cohorts (DIRECT, PRIBA, GoDARTS and
PROMASTER) in 1,238 subjects on liraglutide or exenatide and two
randomized clinical trial cohorts from the AWARD (1,554 subjects from
5 trials on dulaglutide, liraglutide or exenatide) and the HARMONY

(1,771 subjects from 7 trials on albiglutide or liraglutide) studies. In total,
4,563 T2D subjects were followed-up for 6 months after initiation of
GLP-1RA. The association of variants in the GLP-1R region with reduc-
tion in glycated haemoglobin (HbAlc) after treatment were assessed
using multiple linear regression assuming additive mode of inheritance.
Results: Gly168Ser (rs6923761) and rs2268640 were independently as-
sociated with reduction of GLP-1RA to lower HbAlc (Glyl168Ser
B (HbAlc change per allele)=—0.09%, p =3.59¢ %, rs2268640 f per
Gallele =—0.10%, p =2.52¢"""). The allele frequency for Gly168Ser and
1rs2268640 in a Caucasian population was 0.33 and 0.34, respectively. We
then derived a genetic risk score, summing up these two variants from the
HARMONY trials. The 43% of the population of HARMONY who carry
no risk allele in either of the variants had a mean (SEM) HbA 1¢ reduction
0f 0.99% (0.03) in response to GLP-1RA. In contrast, 53% of the popu-
lation who carry 3 or more risk alleles had a mean (SEM) HbA 1 ¢ reduc-
tion of 0.84% (0.03), a difference of 0.15% (p <0.001). There was no
significant impact of these SNPs on weight change in response to GLP-
1RA. The Gly168Ser variant was previously shown to be associated with
lower [3-cell surface expression of GLP-1R and reduced intracellular cal-
cium mobilization. The rs2268640 variant is a cis-eQTL, with carriers of
the G allele having reduced expression of GLP-IR in the pancreas.
Conclusion: We observed significant associations between common var-
iants in GLP-1R gene and GLP-1RA-induced HbAlc reduction with a
large multi-ethnic cohort-collection. In HARMONY, the genetically de-
termined effect on glycaemic response explains about 1/5™ of the overall
response to GLP-1RA. This suggests that genetic variants in GLP-1R
might explain part of the variability observed in the therapeutic response
to GLP-1RA.

Supported by: IMI Joint undertaking under grant agreement no 115317,
Disclosure: A.Y. Dawed: None.
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Potential impact of differential drop-in of open-label diabetes medi-
cations in EXSCEL

J.B. Buse', M.A. Bethel?, R.A. Patelz, S.R. Stevens’, S.M. Gustavson®*,
Y. Lokhnygina®, A.F. Hernandez®, R.R. Holman?, for the EXSCEL Study
Group;

"UNC School of Medicine, Chapel Hill, USA, *Diabetes Trials Unit,
Oxford, UK, 3Duke Clinical Research Institute, Durham, USA,
4AstraZeneca, Gaithersburg, USA.

Background and aims: Greater drop-in of open label diabetes (DM)
medications occurred during the EXenatide Study of Cardiovascular
Event Lowering (EXSCEL) with placebo (P) than exenatide (E). As some
DM medication classes reduced cardiovascular (CV) events in other out-
come trials, we evaluated whether imbalanced use of concomitant DM
medications during follow up may have impacted time to event analyses
for major adverse CV events (MACE3; CV death, nonfatal myocardial
infarction, or nonfatal stroke) or all-cause mortality (ACM).

Materials and methods: DM medication use was recorded by drug class
at each study visit. Once initiated, new medications were assumed to
continue for the study duration. For medication classes where drop-in
occurred in >5% of participants and for open label glucagon-like pep-
tide-1 receptor agonists [GLP-1 RA; 3% overall), Cox hazard models
were performed by randomized treatment with right censoring at the
drop-in visit. Cox hazard models for MACE3 were also recalculated by
modelling the impact of drop-in medication by applying effect sizes de-
rived from published trials: HR 1.02 for insulin, 0.99 for dipeptidyl
peptidase-4 inhibitors (DPP-4i), 0.88 for GLP-1 RA, and 0.85 for sodium
glucose transporter 2 inhibitors (SGLT2i). E vs P HRs for MACE3 and
ACM were also recalculated using inverse probability weighting (IPW),
preferentially weighting accumulated outcome data for participants who
did not experience drop-in of DM medications.

Results: Concomitant DM medication use did not differ between groups
at baseline, but during follow-up, drop-in use was more frequent in P for
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biguanide (6.1 vs 4.8%), sulfonylurea (SU; 8.8 vs 6.9%), DPP-4i (10.6 vs
7.5%), insulin (13.8 vs 9.4%), SGLT2i (5.4 vs 3.7%), and GLP-1 RA (3.6
vs 2.5%). Using censoring analyses, E vs P HRs for MACE3 were min-
imally altered with drop-in medication (Table) but became nominally
statistically significant with SU, SGLT2i or any DM medication. For
ACM, neither the HR (95% CI) nor the p value were altered meaningful-
ly. Modelled E vs P HRs for MACE3 dependent on published effect sizes
were 0.92 (0.84, 1.01) for DPP-4i, 0.92 (0.84, 1.01) for GLP-1 RA, 0.92
(0.84,1.01) for SGLT2i, and 0.92 (0.84, 1.01) for insulin. After IPW, E v.
P HRs were 0.89 (0.78, 1.02), p = 0.10 for MACE3 and 0.82 (0.64, 1.04),
p =0.104 for ACM.

Conclusion: Observed MACE3 and ACM E vs P effect sizes in
EXSCEL were robust to several methods of adjusting for the greater
drop-in of open-label DM medications in P. Lower p values (p <0.05)
were observed for MACE3 after censoring for SU, SGLT24i, or any med-
ication, suggesting drop-in medications can influence study outcomes. P
values were consistently <0.05 for ACM. In summary, greater drop-in of
cardioprotective medications with placebo can blunt signal detection and
should be considered in the design and analysis of future trials.

‘ensored open-label drop-in diabetes medication
None Biguanide su DPP4I Insulin SGLT-21 GLP-1RA Any
Median (1QR) 33 27 25 25 25 25 25 20
follow up {yrs) | (2.3,4.4) (2.04.0) (1.7,3.9) (16,3.7) (1.9,3.8) (16,3.9) (16,3.9) (13,3.4)
MACE3
HR (95% C1) 091 091 0.9 052 051 050 092
(083,100} | (083,1.00) | (0.81,099) | (0.83,1.02) | (0.82,1.00) | {0.82,1.00) | (0.83,1.01) | (0.79,038)
P=0.061 =0.056 ?=0.024 £=0.103 P=0.060 =0.042 P=0.080 P=0.021
Events (/P) 839/905 792/852 756/819 763/800 770/803 766/832 766/819 648/659
AM
HR (95% CI) 0.86 086 085 0.87 087 0.86 0.87 0.84
(077,097 | (076,097) | (075,096} | (0.77,100) | (0.76,0.98) | (0.76,0.98) | (0.77,0.99) | (0.72,097)
P=0.016 P=0.017 P=0.012 ?=0.043 ?=0.029 P=0.023 P=0.034 P=0.016
Events (E/P) 507/584 467/533 445/509 439/a82 4a1/a81 444/504 445/498 363/378
E/P exenatide/placebo; CI confidence interval; DPP-4i dipeptidyl peptidase inhibitor; SGLT-2i sodium-glucose co-transporter 2 inhibitor;

GLP-1 RA glucagon-like peptice-1 receptor agonist

Clinical Trial Registration Number: NCT01144338

Supported by: AstraZeneca (Gaithersburg, MD)

Disclosure: J.B. Buse: Employment/Consultancy; Adocia, AstraZeneca,
Dance Biopharm, Dexcom, Elcelyx Therapeutics, Eli Lilly, Fractyl, GI
Dynamics, Intarcia Therapeutics, Lexicon, Merck, Metavention,
NovaTarg, Novo Nordisk, Orexigen, PhaseBio, Sanofi, Shenzhen
HighTide, Takeda, vTv Therapeutics. Grants; AstraZeneca, Bayer,
Bocehringer Ingelheim, Eli Lilly, GI Dynamics, GlaxoSmithKline,
Intarcia Therapeutics, Johnson & Johnson, Lexicon, Medtronic, Merck,
Novo Nordisk, Orexigen, Sanofi, Scion NeuroStim,, Takeda, Theracos
and vTv Therapeutics, NIH. Stock/Shareholding; Insulin Algorithms and
PhaseBio. Other; serves on the board of the AstraZeneca HealthCare
Foundation.
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Near-normoglycaemia, with meaningful discontinuations of prandial
insulin, by adding weekly albiglutide to uncontrolled basal/bolus
insulin-treated type 2 diabetes

J. Rosenstock', A. Nino?, J. Soffer?, J. Malloryz, L. Erskine?, A. Acusta’,
J. Dole?, M.C. Carr’, P. Home®;

'Dallas Diabetes Research Center at Medical City, Dallas, USA,
2GlaxoSmithKline, Collegeville, USA, *Newecastle University,
Newcastle upon Tyrne, UK.

Background and aims: The glycemic efficacy of a weekly GLP-1 RA,
albiglutide (Albi) 50 mg to replace prandial insulin lispro (Lis) was eval-
uated in type-2 diabetes mellitus (T2DM) inadequately controlled on a
multiple daily insulin regimen (>3 injections/day).

Materials and methods: Basal/bolus insulin was optimized during a 4-
week run-in phase before randomization to: 1) Albi + optimized insulin
glargine (Gla), with prandial Lis subsequently discontinued by week 4
(n =402) or 2) optimized Lis + optimized Gla (n =412).

Results: At week 26, the LS mean + SE change from baseline in HbAlc
was —34.9 +0.04 mmol/mol (—1.04% +0.04%) vs —35.5+0.04 mmol/
mol (=1.10% £0.04%) (treatment difference 0.7 [95% confidence
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interval (CI), —0.5, 1.9] mmol/mol or 0.06% [95% CI, —0.05, 0.17]%;
non-inferiority p < 0.0001) (Table). In the Albi + Gla group, 218 subjects
(54%) replaced all prandial insulin without reintroducing Lis through to
week 26, resulting in a total daily insulin dose reduction of 61 U. Mean
number of injections was reduced from 29 to 13 (mean change + SD: —16
+ 8) per week. GI adverse events were higher in the Albi group (26% vs
13%). Albi + Gla was favorable for severe or documented symptomatic
hypoglycemia (n: 230 [57%] vs 309 [75%]) and weight change (LS mean
+ SE: —2.04+0.2 vs +2.4+0.2 kg; p <0.0001) vs Lis + Gla.
Conclusion: Albi meaningfully improved glucose control; prandial insu-
lin was stopped in 54% of participants, allowing substantial reductions in
insulin dose and number of injections, less hypoglycemia, and body
weight loss.

Table. Summary of population and results

Albi + Gla (n=402) Lis + Gla (n=412)
Age (years), mean + SD 58 + 9.4 58 + 9.5
BMI (kg/m2), mean + SD 321+ 45 325+47
HbA1c, mmol/mol (%), mean + SD
Baseline 61=7(7.8+0.6) 60+ 7(7.7+0.6)
Week 26 56+12(6.7+0.8) 65+ 11(6.6+0.8)
LS mean difference (35% Cl) 0.7 (-0.5,1.9)

mmol/mol (%)
FPG mmol/L (mg/dL), mean + SD

(0.06 [-0.05, 0.17))*

Baseline 80+:26/144=-47 [ 77+26/139+ 47

Week 26 FPG® 5.8+20/104 = 47 ] 63+:23/113+41

LS mean difference (95% Cl) -0.6 (-0.9, -0.3)/ =10 (-16, -5)f
Total daily insulin dose (U), mean + SD

Baseline 80-29 | 83+ 32

Week 26 69 =+ 33 | 130 + 61

LS mean difference (95% ClI) -60.83 (-66.57, -55.10)*
Total number of weekly injections, mean + SD

Baseline 29+ 2 28+0

Week 26 13+8 28+0

Change from baseline -16+ 8 0
Body weight (kg), mean + SD

Baseline 87.7+17.3 [ 89.6 + 18.1

Week 26 85.7+17.5 [ 92.0 + 18.6

Difference, mean (95% CI) -4.4 (-4.9, -3.8)t
Hypoglycemia (severe or documented symptomatic)

Participants, n (%) [ 230 (57) | 309 (75)

Odds ratio (95% Cl)
Adverse Events (AEs), n (%)

Serious AEs 28 (7) 34 (8)

AEs leading to discontinuation 14 (4) 9(2)

Gastrointestinal AEs 102 (26) 53 (13)
*Non-infericrity p <0.0001; Isuperiority p = 0.0004, ‘superiority p <0.0001; *p <0.0001 with the nonparametric Cochran-
Mantel-Haenszel test. *Fasting plasma glucose (FPG) at week 26 was missing for all subjects and was imputed with

fasting serum glucose at week 26

0.43 (0.31, 0.60)%

Clinical Trial Registration Number: NCT02229227

Supported by: Funding for this abstract was provided by GSK.
Disclosure: J. Rosenstock: Employment/Consultancy; Eli Lily and
Company, Novo Nordisk Inc., Sanofi, Janssen Pharmaceuticals, Inc.,
Bochringer Ingelheim Pharmaceuticals, Inc., Intarcia Therapeutics, Inc..
Lecture/other fees; Eli Lily and Company, Sanofi, Janssen
Pharmaceuticals, Inc., Boehringer Ingelheim Pharmaceuticals, Inc.,
Intarcia Therapeutics, Inc.. Other; Novo Nordisk, Inc., Merck & Co.
Inc., Pfizer Inc., Sanofi, Novo Nordisk, Inc., Bristol-Meyers Squibb
Company, Eli Lily and Company, Intarcia Therapeutics, Inc.,
Genentech, Inc..
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Diabetes prevention with lifestyle, linagliptin and metformin in pa-
tients with prediabetes: the PRELLIM project

R. Guardado-Mendozal’z, L. Jimenez—Cejal, D. Farfanl, M. Alvarez-
Canalesl, S. Salazar—Lopezl, M. Montes de Oca’, F. Angulo—Romerol,
M. Reyes-Escogidol, E. Duran-Pérez?, A. Aguilar-Garciaz;

"Metabolic Research Laboratory, University of Guanajuato, Leon,
Guanajuato, “Hospital Regional de Alta Especialidad del Bajio, Leon,
Guanajuato, Mexico.
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Background and aims: Patients with impaired fasting glucose (IFG) +
impaired glucose tolerance (IGT) have a high risk to develop T2DM.
Lifestyle modifications and metformin are therapeutic options in these
patients. The goal of this work was to evaluate the effect of linagliptin
+ metformin plus a lifestyle program on glucose metabolism, insulin
secretion and beta cell function in patients with newly diagnosed IFG +
IGT during 12 months.

Materials and methods: Patients had a basal metabolic evaluation in-
cluding oral glucose tolerance test (OGTT) with insulin measurements,
body composition, lipid profile and HbA lc. Patients with IFG+IGT, age
18-65 y were randomly assigned to: i) /ifestyle program plus linagliptin
2.5 mg/metformin 850 mg twice daily (LM group, n= 62), or ii) lifestyle
program plus metformin 850 mg twice daily (M group, n =58), with
monthly follow-up and a 6 and 12 month metabolic evaluation. Insulin
sensitivity, insulin secretion and beta cell function were calculated from
the OGTT. The protocol was approved by the Ethical Committee.
Intergroup differences were analyzed with a T test.

Results: There were not basal differences in age (48 vs 47 y), body
composition (Weight 83 vs 83 kg, visceral fat 11.8 vs 11.6 AU), glucose
metabolism (fasting glucose 108 vs 105 mg/dl, 30 minutes glucose 177 vs
170 mg/dl, 60 minutes glucose 200 vs 190 mg/dl, 90 minutes glucose 185
vs 181 mg/dl, and 120 minutes glucose 170 vs 165 mg/dl), insulin sensi-
tivity and insulin secretion between LM and M group, respectively. At 12
months both groups had an improvement in weight (=5.4 vs —3.5 kg)
visceral fat (—0.87 vs —0.44 AU) and insulin sensitivity (1.1 vs 1.18), all
p=NS; however, LM group showed a better improvement in glucose at 0’
(=16 vs =6 mg/dl, p 0.001), 30'(—=30 vs —11 mg/dl, p 0.007), 60'(—41 vs
—14 mg/dl, p 0.008), 90'(—=36 vs —18 mg/dl, p 0.061) and 120 minutes
(=33 vs =19 mg/dl, p 0.118) during the OGTT (AUCglucose OGTT
—4008 vs —1639 mg/dl/120 min, p 0.005), insulin secretion (AUCins/
AUCgluc OGTT 0.14 vs —0.01, p 0.013), acute insulin response (0.50
vs —0.01, p 0.003), disposition index (1.1 vs 0.43, p 0.007), oral disposi-
tion index (0.10 vs 0.007, p 0.023), and HbAlc (—0.14 vs 0.23, p 0.007).
Adherence to medications was 92 and 91% in the LM and M group,
respectively.

Conclusion: Combination of linagliptin + metformin together with a
lifestyle program improved better glucose metabolism, insulin secretion
and beta cell function after 12 months in patients with IFG+IGT. This
could be a useful preventive strategy in patients with prediabetes and a
high risk of T2DM

Clinical Trial Registration Number: NCT03004612

Supported by: Hospital Regional de Alta Especialidad del Bajio
Disclosure: R. Guardado-Mendoza: None.
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Sex hormone binding globulin and development of insulin resistance:
a longitudinal study

K. Ottarsdottir', A.G. Nilsson?, M. Hellgrenl, U. Lindblad', B. Daka';
"Department of Public Health and Community Medicine, University of
Gothenburg, Gothenburg, *Department of Internal Medicine and Clinical
Nutrition, University of Gothenburg, Gothenburg, Sweden.

Background and aims: Previous cross-sectional studies and genetic
studies using Mendelian randomization principle, have shown that low
sex hormone binding globulin (SHBG) concentrations are associated to
the risk of developing type 2 diabetes mellitus in both men and women.
However, there is a lack of prospective studies investigating the associa-
tion between SHBG and insulin resistance, and therefore we aim to in-
vestigate this association in a longitudinal study in men, premenopausal
women, and postmenopausal women in a Swedish cohort.

Materials and methods: In this longitudinal observational study, a sam-
ple of 2816 subjects (M = 1400) were randomly selected from a Swedish
population between 2002 and 2005 for a cohort study with the goal to
detect risk factors for cardiovascular disease at an early stage. The cohort
was followed up in 2012-2014. The mean follow-up time was 9.7 +

1.4 years and the protocol was completed in a subset of 1327 (M =657)
individuals.Fasting blood samples were collected at both visits.
Immunoassay technique was used for measurements of SHBG. The ho-
meostatic model assessment of insulin resistance (HOMA-Ir) was used to
define insulin resistance, and the variable was log-transformed in all sta-
tistical analyses due to distribution skewness. Analyses were stratified for
sex and menopausal state as reported by the participants in a questionnaire
at follow-up. As there was no self-report regarding menopause at base-
line, 50 years of age was used as time of menopause at baseline and
stratified analyses for age <50 or >50 were computed. Linear regressions
were computed to investigate the association between SHBG and insulin
resistance both in cross-sectional and longitudinal analyses.

Results: At baseline, concentrations of SHBG were significantly inverse-
ly associated with log transformed HOMA-Ir in men (N =1299, =

—0.213, p <0.001), premenopausal women (N =852, 5=-0.087 p =

0.003) and postmenopausal women (N =427, 3=-0.246 p <0.001) in
a model adjusting for age, lifestyle habits, hypertension, diabetes and
waist-hip ratio. Similar results were found at follow-up; in men (N =

546, 3=—0.197 p <0.001), premenopausal women (N =152, =

—0.292, p <0.001) and in postmenopausal women (N =317, 5=-0.237
p <0.001). In the longitudinal analysis in men, SHBG concentration at
baseline was significantly inversely associated with log transformed
HOMA-Ir at the follow-up in a multivariate model including age, lifestyle
habits, hypertension, diabetes and waist-hip ratio, and log transformed
HOMA-Ir at baseline (N = 585, 5=—0.087 p = 0.028). Furthermore, there
was a significant inverse association between SHBG levels at baseline
and log transformed HOMA-Ir at follow-up in premenopausal (N =360,
B=-0.092 p =0.039) and in postmenopausal women (N =215, G=

—0.131 p =0.012) in the fully adjusted model.

Conclusion: In this study, SHBG levels could predict the deterioration of
insulin resistance in both men and women, regardless of menopausal
state. This might explain the previously shown association between
SHBG level and type 2 diabetes.

Supported by: The Local Research and Development Council Goteborg
och Sédra Bohusldn

Disclosure: K. Ottarsdottir: None.
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Broad changes in body mass index between age 10 and adulthood are
associated with type 2 diabetes risk independently of adult body mass
index
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J. Tyrrell, H. Yaghootkar, S.E. Jones, R. Beaumont, A.R. Wood, M.A.
Tuke, K.S. Ruth, R.C. Andrews, T.M. Frayling;
University of Exeter, Exeter, UK.

Background and aims: Obesity is a strong risk factor for type 2 diabetes,
but the condition occurs across the body mass index (BMI) range. Age,
sex, ethnic differences, varying body fat distribution and genetic factors
all contribute to differences in type 2 diabetes risk independently of BMI.
Here, we used the UK Biobank to test the hypothesis that an additional
factor, approximate change in BMI between childhood and adulthood,
would contribute to type 2 diabetes risk.

Materials and methods: We used data from 371,903 individuals of
European ancestry in the UK Biobank, with a measure of adult BMI,
self-reported perceived relative body size at age 10 and genetic data
available. First, we validated the perceived body size at age 10 by inves-
tigating the association with a BMI genetic risk score. We then stratified
individuals based on their adulthood BMI into overweight and obese.
Logistic regression models were used to calculate the odds of type 2
diabetes for individuals who were thin at age 10 and were either now
overweight or obese in comparison to overweight or obese individuals
who perceived themselves to be average or plump at age 10.

Results: Individuals in the overweight BMI range (25-30 kg/m?) but
who reported being thin, average and plump at age 10 had an average
BMI 0f27.2, 27.3 and 27.5 kg/m? respectively. Despite these very similar
current BMIs, individuals who on average had moved up these broad
BMI centiles were at 1.53 [95%CI: 1.44, 1.62] higher odds of diabetes
than someone who had remained in an average BMI centile. Obese indi-
viduals (>30 kg/m?) who reported being thin, average and plump at age
10 had an average BMI of 33.6, 33.5 and 34.9 kg/m? respectively. Despite
slightly lower current BMI, the prevalence of type 2 diabetes was highest
in those people, who on average had moved up the broad BMI centiles,
with individuals who were thin at age 10, average at age 10 and plump at
age 10 having a type 2 diabetes prevalence of 14.6%, 11.0% and 12.3%
respectively. This equated to an odds ratio of type 2 diabetes of 1.07
[95%CTI: 1.01, 1.13] for the group of people moving up these broad
BMI centiles compared to those staying at the same broad centile.
These findings were independent of an individuals birthweight and cur-
rent BMI.

Conclusion: These findings suggest that individuals who remain in
higher BMI centiles throughout life may adapt to excess weight in ways
that lower the risk of type 2 diabetes in comparison to individuals of
similar adult BMI that have moved up the BMI centiles since childhood.
Supported by: This study was supported by the Diabetes Research and
Wellness Foundation

Disclosure: J. Tyrrell: None.
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GWAS study on susceptibility to bacterial infections in patients with
diabetes

J.R. Simonsen', A. Kirdjamiki®, I. Toppila'?, E. Ahlqvist®, V.
Harjutsalol'z, C. Forsblom'?, D.M. Aly4, T. Tuomi', M. Lehto'?, L.
Groop4, P-H. Groopl'z, N. Sandholm'*%;

'Folkhilsan Institute of Genetics, Folkhilsan Research Center,
Biomedicum Helsinki, University of Helsinki, Finland, Helsinki,
Finland, ?Abdominal Center of Nephrology, University of Helsinki and
Helsinki University Hospital, Helsinki, Finland, Helsinki, Finland,
3Department of Primary Health Care, Vaasa Central Hospital, Vaasa,
Finland, Vaasa, Finland, 4Department of Clinical Sciences, Lund
University Diabetes Centre, Lund University, Skane University
Hospital, Malmo, Sweden, Lund, Sweden.

Background and aims: Diabetes increases the risk of infectious diseases.
In addition to classical autoimmune disorders, genetic variations in the
human leukocyte antigen (HLA) region have been associated with in-
creased susceptibility to specific bacterial and viral infections e.g. malaria,

@ Springer

HIV, tuberculosis, and hepatitis. Finland - being one of the best-
documented genetic isolates - is an excellent ground for genetic studies
of infection related diseases. The aim of the present genome-wide asso-
ciation study (GWAS) is to identify genetic risk factors, which increase
susceptibility to bacterial infections in patients with diabetes.

Materials and methods: For patients with type 1 diabetes (the
FinnDiane Study; n =5,092) and type 2 diabetes (Diabetes Registry
Vaasa Direva; n =3,499), nationwide register data on antibiotic drug
prescription purchases (The Social Insurance Institution of Finland-
KELA; www.kela.fi) and bacterial infections treated at hospital
(Hospital Discharge Register; www.stakes.fi) were collected between
1995 and 2014. Each antibiotic purchase and hospitalization was counted
as one infection event. The total number of infection events was counted
over the follow-up period for each patient. Follow-up years prior to the
onset of diabetes as well as years after the diagnosis of end-stage renal
disease were excluded. DNA samples were genotyped using
HumanCoreExome BeadChips in both the FinnDiane and Direva cohorts.
Genotype imputation with 1000 Genomes reference panel resulted in
8.4x10° and 8.6x10° SNPs in FinnDiane and Direva, respectively.
GWAS analyses were performed with RvTests software using score test,
adjusted for mean HbAlc, duration of diabetes, and relatedness matrix,
and the results from the two cohorts were combined with fixed effects
meta-analysis with METAL software.

Results: Based on the FinnDiane cohort, the narrow sense heritability of
this infection risk related phenotype (annual infection rate adjusted for
long-term glycemic control) was estimated to be ~26%. Meta-analysis
revealed a low-frequency variant (minor allele frequency 1%) associated
significantly genome-wide with infection frequency (p =2.97 x 10~ %) at
chromosome 5 near the genes SGCD and TIMD4, with altogether eight
SNPs with p value <107 in the locus. Furthermore, 48 SNPs from 12 loci
reached a suggestive p value <1 x 107>,

Conclusion: Genetic variants at chromosome 5 are associated with an
increased risk of bacterial infections in patients with diabetes.
Supported by: Folkhdlsan Research Foundation, Novo Nordisk
Foundation

Disclosure: J.R. Simonsen: Grants; Novo Nordisk Foundation
(#NNF14SA0003), Folkhélsan Research Foundation, Wilhelm and Else
Stockmann Foundation. Honorarium; P-HG has received lecture hono-
raria from AstraZeneca, Boehringer Ingelheim, Eli Lilly, Elo Water,
Genzyme, Medscape, MSD, Novartis, Novo Nordisk, and Sanofi..
Other; P-HG is an advisory board member of AbbVie, Boehringer
Ingelheim, Eli Lilly, Janssen, Medscape, MSD, Novartis, Novo
Nordisk, and Sanofi.
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Trial data show the proposed 5 diabetes subgroups from cluster
analysis do predict drug response and diabetes progression but sim-
ple clinical measures are stronger predictors

J.M. Dennis, B.M. Shields, W.E. Henley, A.G. Jones, A.T. Hattersley;
University of Exeter Medical School, Exeter, UK.

Background and aims: A recent cluster analysis of clinical and bio-
chemical data close to diagnosis in Scandinavian patients (Ahlqvist et
al) proposed 5 novel diabetes subgroups (1 autoimmune and 4 non-auto-
immune). If these novel subgroups have clinical utility they should help
predict the disease progression and drug response of an individual patient.
We aimed to use individual data close to diagnosis from a large
randomised trial to see if we could replicate the subgroups derived from
the cluster analysis. We then went on to evaluate whether the cluster
subgroups outperformed simple clinical characteristics in predicting drug
response, disease progression and complications in the protocol driven
conditions of the clinical trial.

Materials and methods: We evaluated 4,351 participants aged 30-75
with newly diagnosed type 2 diabetes in the ADOPT drug efficacy trial
who were randomised to metformin, sulfonylureas or thiazolidinediones
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for up to 5 years. We replicated the K-means clustering analysis of
Ahlqvist et al to derive 5 patient clusters based on baseline measures of
age at diagnosis, HbAlc, BMI, HOMA-IR, HOMA-B and GAD autoan-
tibody status. We compared cluster prevalence and characteristics obtain-
ed with those previously reported by Ahlqvist et al. We then tested the
predictive ability of the clusters for key patient outcomes (HbAlc re-
sponse over 1 year, HbAlc progression from year 1 to 5, and 5 year risk
of chronic kidney disease stage 3 (CKD, defined as 2 consecutive GFR
<60 measures)), and compared results with regression models using 3
continuous routine clinical measures (age of diagnosis, baseline HbA lc
and BMI).

Results: The 5 cluster derived subgroups in ADOPT replicated closely
those previously reported by Ahlqvist et al as the subgroups were similar
in size and had similar baseline characteristics. HbA 1c¢ response up to 1
year did vary by cluster subgroups for each drug, however the model
incorporating continuous measures of age at diagnosis, baseline HbAlc
and BMI had far greater predictive ability (Metformin R* 0.24 for clusters
versus 0.41 for continuous measures (p <0.001), sulfonylureas R> 0.27
vs. 0.41 (p <0.001), thiazolidinediones R*0.17 vs 0.35 (p <0.001)).
There was some evidence of differential HbAlc progression by cluster
(R*=0.08) but continuous measures predicted progression similarly
(R*=0.09), with older participants progressing more slowly (p <
0.001). CKD occurred in 5% of participants and there were differences
in risk by cluster (p <0.001), but we found much better CKD risk pre-
diction using continuous measures (C-statistic (equivalent to the area
under a ROC curve) 0.63 for clusters versus 0.79 for continuous measures
(p <0.001)).

Conclusion: We used cluster analysis of individual data from the
ADOPT trial to replicate in both prevalence and clinical characteristics
the 5 diabetes subgroups reported by Ahlqvist et al. We show that in a trial
setting these cluster derived subgroups do predict drug-specific response,
glycaemic progression and complications, to a modest degree. However,
the simple clinical measures of age at diagnosis, baseline HbAlc and
BMI had much greater predictive ability. These results suggest the best
guide to defining a patient’s progression and drug response will be to use
simple and easily obtained clinical measures and not cluster derived
subgroups.

Supported by: MR/N00633X/1

Disclosure: J.M. Dennis: None.
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Excess mortality and cardiovascular disease in type 1 diabetes in
relation to age at disease onset: a study of 27,195 patients with
diabetes

A. Rawshanil, N. Sattalz, S. Franzén® , B. Eliassonl, A.-M. Svensson3, S.
Gudbj drnsdottir®;

"nstitute of Medicine, Gothenburg, Sweden, 2Institute of Cardiovascular
and Medical Sciences, Glasgow, UK, 3Swedish National Diabetes
Register, Gothenburg, Sweden.

Background and aims: Age at diagnosis has emerged as an important
risk marker in diabetes. This simple variable may carry valuable informa-
tion on clinically important factors, pathophysiological mechanisms, age-
related variations in clinical care, age-dependent differences in ability to
cope with the disease efc. Recent studies have demonstrated that age at
diagnosis can contribute to identifying subtypes of diabetes in adults, as
well as predict risk factor trajectories. No study has examined how age at
diagnosis relates to excess risk of death and cardiovascular (CV) out-
comes, while accounting for duration of diabetes. To answer this ques-
tion, we compared individuals with type 1 diabetes (T1D) to matched
controls from the general population.

Materials and methods: We estimated the excess risk of all-cause mor-
tality, CV mortality, non-CV mortality, acute myocardial infarction
(AMI), stroke, CVD (composite of AMI and stroke), coronary heart dis-
ease (CHD), heart failure (HF) and atrial fibrillation (AF). Individuals

with diabetes were categorized into five groups, according to age at di-
agnosis: 0 to 9 years, 10 to 14 years, 15 to 19 years, 20 to 24 years and 25
to 30 years. Analyses were performed using Cox regression, with adjust-
ment for socioeconomic, demographic variables, comorbidities and dura-
tion of diabetes.

Results: A total 0of 27,195 persons with T1D and 135,178 matched con-
trols were included. Median follow-up was 5.1 years; 924 patients with
T1D and 1,405 controls died. We observed a remarkable association
between age at diabetes onset and excess risk of death and all cardiovas-
cular outcomes. For patients who developed type 1 diabetes before 10
years of age hazard ratio (95% CI) was 4.11 (3.24-5.22) for death, 7.38
(3.65-14.94) for CV death, 11.44 (7.95-16.44) for CVD, 30.50 (19.98—
46.57) for CHD, 30.95 (17.59-54.45) for AMI, 6.45 (4.04-10.31) for
stroke, 12.90 (7.30-22.51) for HF and 1.17 (0.62-2.20) for AF. Risks
of these outcomes declined gradually with increasing age at onset of T1D.
With the exception of AF, no hazard ratio fell below 2.0. Risk of non-CV
mortality was also greatest among those with early onset of type 1 diabe-
tes. Considering risk factor control, increasing age at diagnosis was asso-
ciated with better glycemic control, higher blood pressure, higher preva-
lence of smoking, more physical activity, and higher socioeconomic sta-
tus. Refer to Figure 1.

Conclusion: Age at onset of type 1 diabetes is a fundamental predictor of
survival, as well as all cardiovascular outcomes with the exception of
atrial fibrillation. Early onset type 1 diabetes is associated with up to 30
times increased risk of serious cardiovascular outcomes..
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Supported by: Swedish Heart and Lung Foundation
Disclosure: A. Rawshani: None.
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48 OP 09 Pregnancy and gestational diabetes
Determinants of progression of type 2 diabetes, a cross sectional

analysis of UK BioBank

X. Wangl’z, M. Lonerganl, L. Donnellyl, K. Zhou', E.R. Pearson';
"Molecular and Clinical Medicine, Dundee University, Dundee, UK,
2Science for Life Laboratory, Medical Cell Biology, Uppsala
University, Uppsala, Sweden.

Background and aims: The progression after a diagnosis of Type 2
Diabetes (T2D) is highly variable between individuals. We aimed to
identify the factors which are associated with the progression of T2D
using UK BioBank data.

Materials and methods: 25290 patients in UK Biobank have prevalent
diabetes. Diabetes diagnosis type is self-reported in UK biobank so to
ensure that we excluded Type 1 Diabetes (T1D) all of the participants had
a T1D genetic risk score <0.2132, a robust cut off value to allow only 1%
‘contamination’” with T1D. We studied 6215 white European patients
with T2D with duration <10 years. From these we identified 2 groups,
each of 429 patients, matched for duration of diabetes. For each fast
progressor (on insulin within 10 years) we identified an individual with
the same duration of diabetes but who was diet treated (slow progressor).
We investigated the association of clinical and biochemical factors with
the risk of progression of T2D in these two groups using multiple logistic
regression including enter covariates used here.

Results: When comparing the fast and slow progression groups, the fast
progression group was associated with younger age at diagnosis, higher
BMLI, higher waist to hip ratio, more common usage of statin and fibrate.
Interestingly, when we compared the family history of diabetes between
the fast and slow progression groups, we observed that a maternal family
history of diabetes was associated with greater odds of fast progression
(OR=1.47 [95% CI 1.01-2.12 P =0.033]). There was no association
with sibling or paternal family history of diabetes with progression.
Conclusion: Younger age at diagnosis, higher BMI, higher waist to hip
ratio, and greater usage of statin and fibrate are associated with increased
rate of progression of T2D. The higher prevalence of maternal history of
diabetes in the fast progression group suggests an impact of maternal
intrauterine environment on offspring diabetes progression which war-
rants further investigation.

Supported by: Swedish Research Council, O.E och Edla Johansson
Foundation, Wellcome Trust

Disclosure: X. Wang: None.
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Increasing prevalence of gestational diabetes according to the results
of a population-based screening programme in Hungary between
2009-2017

A. Kun', E. Szab6>3, J. Tornoczky4, Z. Kerenyi5 . A.G. Tabak™>®;
'"Department Obstetrics and Gynecology, Tolna County Balassa Janos
Hospital, Szekszard, Hungary, Szent Imre Teaching Hospital,
Budapest, Hungary, st Department of Medicine, Semmelweis
University Faculty of Medicine, Budapest, Hungary, “Diabetes Care
Outpatient Unit, Tolna County Balassa Janos Hospital, Szekszard,
Hungary, *Diabetes Outpatient Clinic, Toth Ilona Health Service,
Budapest, Hungary, 6Depax‘cment of Epidemiology and Public Health,
University College London, London, UK.

Background and aims: Increasing prevalence of gestational diabetes
(GDM) was reported from several countries in the last decade believed
to be related to the increasing age and level of obesity of pregnant women.
Using data from a population-based screening from a Western county in
Hungary, we investigated changes (unadjusted and adjusted for known
GDM risk factors) in fasting, 1-hour and 2-hour glucose and the risk of
gestational diabetes based on the WHO-2013 diagnostic criteria between
2009 and 2017.

Materials and methods: During a universal screening program in a
Western Hungarian region 9,469 of 10,076 pregnant women (age
29.5+5.6 years; mean + SD) had a 75 g OGTT with the determi-
nation of fasting, 1-hour and 2-hour glucose between 16/JAN/2009
and 02/0CT/2017. Based on these OGTTs n = 1,505 (14.9%) wom-
en were diagnosed with GDM. Maternal pre-pregnancy (lifestyle,
socioeconomic status, obstetrical, medical and family history) and
early pregnancy risk factors (anthropometrics, blood pressure) were
collected according to standardized protocols. Time trends in OGTT
glucose values were investigated by multiple linear regression,
GDM risk by logistic regression with adjustments for calendar time
and known risk factors.

Results: Prevalence of GDM increased from 11.6% in 2009 to 15.1%
in 2017. Among pre-pregnancy risk factors, maternal age, maternal
smoking, positive family history of diabetes, living in a relationship
and living in the county capital; among early pregnancy risk factors,
body weight and systolic blood pressure were related to both the risk of
gestational diabetes and showed an association with the date of the
OGTT during the observation period according to univariate analysis
(all p < 0.05) and thus were deemed potentially explanatory of the time
trend in GDM prevalence. Fasting glucose showed a yearly increase of
0.019 (SE 0.002) mmol/l per year in a model adjusted for GDM risk
factors without a time trend (model 1), while the addition of all poten-
tial explanatory variables except BMI (model 2) decreased this trend to
0.015 (SE 0.002), and further adjustment for BMI (model 3) to 0.008
(SE 0.002) mmol/l. The yearly increase in 1-hour and 2-hour glucose
was larger (0.11 SE 0.01 and 0.053 SE 0.006 mmol/l, respectively -
model 1) but the attenuation of the coefficients was much smaller in
further adjustment (0.08 SE 0.01 and 0.036 SE 0.006 mmol/l, respec-
tively - model 3) although body weight remained the most important
explanatory variable. The risk of GDM increased by 9% per year (OR
1.09 95%CI 1.06—1.12 -model 1) which was attenuated to 4.8% (OR
1.048 95%CI 1.02—1.08) in model 3 with body weight being the most
important explanatory variable.

Conclusion: The prevalence of GDM significantly increased in the last
decade in Hungary reaching epidemic proportions based on WHO-2013
diagnostic criteria. Almost half of this increase was explained by adverse
time trends in GDM risk factors (such as body weight, age, family histo-
ry) however increasing levels of obesity seemed to be most important
underlying factor.

Disclosure: A. Kun: None.
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Early-onset gestational diabetes compared to late gestational diabe-
tes: maternal characteristics and obstetrical outcomes in a French
cohort of 2948 patients

A. Vamberguel, A. Raynaudz, A. Caronl, S. Thinatz, M. Cazaubielz, W.
Karrouz?, G. Ficheur', P. Deruelle';

lUniversity of Lille, Lille, 2Department of Diabetology, Lille, France.

Background and aims: Based on the IADPSG recommendations, the
French guidelines suggested screening with fasting plasma glucose (FPG)
test at the first prenatal visit and a 75-g OGTT between 24 and 28 weeks’
gestation for gestational diabetes (GDM) diagnosis. The aim of this study
was to compare the clinical characteristics and pregnancy outcomes of
women with GDM who were diagnosed and treated early in pregnancy
(<20 weeks of gestation) with women who were diagnosed and treated
late in the pregnancy (24-28 weeks of gestation).

Materials and methods: This study was carried out in Lille between
February 2011 and December 2016. Women with risk factors were
screened for GDM with a FPG at the first prenatal visit and between
24-28 weeks with a 75-g OGTT using the IADPSG criteria. During this
period, we diagnosed 3460 women with GDM. We analyzed the data in a
cohort 0f 2948 women: 1445 women were diagnosed and treated early in
pregnancy (<20 weeks of gestation) and 1503 women late in the preg-
nancy (2428 weeks of gestation). All women were treated according to
the French guidelines. We analyzed the association between time of di-
agnosis (early versus late) and large for gestational age (LGA) after ad-
justment on confounding factors as age, parity, pregestational BMI. LGA
was defined above the 90 percentile of gestational age adjusted for
parity, fetal sex and maternal biometrics.

Results: 41.7% of women were classified as early-onset gestational dia-
betes. There was no significant difference for age and parity in the two
groups. Women with early-onset GDM had a higher BMI (p < 0.001) and
were more often treated by insulin (41.2% versus 22.4% p <0.001) com-
pared to late GDM. The mean of HbAlc was significantly lower in the
early-onset GDM compared to late GDM group (p < 0.001). The rate of
LGA was not significantly different between the groups. The rate of
obstetric were not significantly different between the 2 groups except a
lower rate of shoulder dystocia in the early-onset GDM (p <0.05). In
multivariate analysis, there was not significant relationship between time
of diagnosis and LGA (RR: 1.07 C1 95% 0.88—1.30).

Conclusion: In this large cohort, a high proportion of women with GDM
have been diagnosed early in pregnancy. However, the time of diagnosis
has no influence on the rate of LGA. There is an urgent need for random-
ized controlled trials that investigate any benefits and possible harms of
treatment of early-onset GDM

Disclosure: A. Vambergue: None.
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Pregnancy and neonatal diabetes outcomes in remote Australia: the
PANDORA study

L. Maple-Brownl, A. Brownz, L-L. Lee!, F. Barzi', C. Comnors!, J.A.
Boyle3, E. Moore®*, C. Whitbread!, M. Kirkwood', D. Longmorel, K.
O’Deal, J. Oats’, H.D. Mc]ntyre(’, P. Zimmet’, J.E. Shaw’;

"Menzies School of Health Research, Darwin, 2South Australian Health
and Medical Research Institute, Adelaide, 3Monash University,
Melbourne, 4Aboriginal Medical Services Alliance, NT, Darwin,
SMelbourne University, Melbourne, ®Mater Medical Research Institute,
Brisbane, "Baker Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: In Australia’s Northern Territory, 33% of babies
are born to Indigenous mothers, and type 2 diabetes in pregnancy prev-
alence is 10 times higher than in non-Indigenous mothers. The
PANDORA study is a longitudinal birth cohort recruited from a
hyperglycaemia in pregnancy register. Here we assess relationships be-
tween metabolic markers in cord blood and perinatal outcomes.

Materials and methods: Data include antenatal and birth clinical infor-
mation, cord blood, neonatal anthropometry. Of 1135 women (48%
Indigenous, 32% Europid, 7% Indian subcontinent), 900 had diabetes:
175 type 2 diabetes (T2D), 86 newly diagnosed diabetes in pregnancy
(DIP), 639 GDM. Women without hyperglycaemia in pregnancy were
also recruited (NGT, n =235). Glucose, lipids, c-peptide, c-reactive pro-
tein (CRP) were measured in cord blood for 723 babies (NGT = 168,
GDM/DIP =442, T2D =113). Data were analysed using t-tests, chi-
squared tests, multivariate logistic regression and mediation analysis for
outcomes of birth weight z-score, large for gestational age (LGA), neo-
natal fat (calculated from anthropometry) and small for gestational age
(SGA). C-peptide, triglycerides were log-transformed.

Results: Among those with cord blood samples, diabetes type diftered for
Indigenous (n = 374) and non-Indigenous (n = 349) women (T2DM, 27%
vs 3%; GDM/DIP, 50% vs 73%, p < 0.001), with similar proportions with
NGT (23% vs 23%). Indigenous women were younger and had a higher
BMI. Trends were evident across diabetes types (NGT to GDM/DIP to
T2D) for: increasing c-peptide [mean (95% CI), 0.35 nmol/L (0.31, 0.39),
0.39 nmol/L (0.37,0.42), 0.66 nmol/L (0.57, 0.75), p < 0.001], decreasing
glucose [4.4 mmol/L (4.2, 4.6), 4.1 mmol/L (3.9, 4.2), 4.1 mmol/L (3.9,
4.4), p <0.029], decreasing HDL-cholesterol [0.7 mmol/L (0.66, 0.74),
0.66 (0.63, 0.68), 0.56 (0.52, 0.61), p <0.001], decreasing triglycerides
[0.43 mmol/L (0.40, 0.47), 0.37 (0.35, 0.69), 0.43 (0.39, 48), p =0.001],
increasing rates of CRP >0.3 mg/L (26%, 49%, 47%, p <0.001). After
adjustment for diabetes type, maternal age, ethnicity, BMI and parity; c-
peptide and glucose (inverse) were independently associated with
birthweight z-score, LGA and neonatal fat. Triglycerides were associated,
independent of c-peptide and glucose, directly with SGA and inversely
with birthweight z-score. Adjustment for medication did not change re-
sults. On pathway analysis c-peptide mediated 20% (95% CI 15%—38%)
of the contribution of maternal BMI to LGA and 14% (10%—22%) for
birth weight z-score.

Conclusion: In this observational birth cohort, high c-peptide was the
metabolic marker that was independently associated with neonatal adi-
posity outcomes. The inverse relationship of cord blood triglycerides with
birthweight (and direct with SGA) is consistent with previous European
GDM studies, hypothesised to be related to enhanced lipoprotein lipase
activity with increased adipose tissue. Longitudinal study of the cohort
will inform the significance of these findings on the child’s subsequent
risk profile.

Supported by: Australian NHMRC #1032116, #107833

Disclosure: L. Maple-Brown: None.
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Randomised controlled trial of very tight versus less tight glycaemic
targets in women with gestational diabetes: preliminary results

P. Popoval'z, A. Tkachuck', Y. Bolotko', A. Gerasimov', E.
Pustozerov'?, E. Vasilyeva', 0.Li', L. Zazerskayal, E. Grineva'?;

' Almazov National Medical Research Centre, Saint Petersburg, 2Saint
Petersburg Pavlov State Medical University, Saint Petersburg, *Saint
Petersburg State Electrotechnical University, Saint Petersburg, Russian
Federation.

Background and aims: There is wide variation in international guide-
lines concerning glycaemic treatment targets for women with gestational
diabetes (GDM). We conducted a randomized clinical trial to assess the
effect of different intensities of glycaemic control in pregnant women
with GDM on maternal and infant health outcomes.

Materials and methods: We randomly assigned women who were in the
8th to 31st week of gestation and who met the World Health Organization
(WHO 2013) criteria for GDM to 2 groups per target glycaemic levels:
GDMI (very tight glycaemic targets, fasting blood glucose (FBG)
<5.1 mmol/L and <7.0 mmol/L postprandial) and GDM2 (less tight
glycaemic targets, <5.3 mmol/L and <7.8 mmol/L, respectively). All
participants were instructed on diet and lifestyle changes. In case of
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exceeding the target blood glucose levels (in 2 or more measurements per
week in group 1 and in more than 1/3 of measurements per week in group
2) insulin therapy was started. The primary study outcome was the inci-
dence of large for gestational age (LGA) infants. Secondary outcomes
were: for the baby - composite of neonatal death or severe morbidity
(nerve palsy, bone fracture and shoulder dystocia), gestational age at
birth, birthweight, macrosomia (birth weight >4000 g), small-for-
gestational age (SGA) and hypoglycaemia; for the woman - pre-eclamp-
sia, mode of birth, mean daily fasting and postprandial capillary glucose
(PPG) concentration during treatment, proportion of glucose values with-
in target, proportion of women requiring insulin therapy.

Results: The women from GDMI1 (N =201) and GDM2 (N =194)
groups did not differ in terms of age (31.9+4.6 vs 31.8 £4.5 years, p =
0.681) and pre-pregnancy BMI (25.4+5.4 vs 25.8+6.6 kg/m?, p =
0.481). We observed no significant difference between the groups in the
frequency of LGA infants (15.9% and 16.5%, for GDM1 and GDM2,
respectively, p =0.892) using intention-to-treat analysis. There were no
perinatal deaths. Between the two groups, there were no significant dif-
ferences with regard to the frequency of the composite outcome (2.0%
and 1.6%, P =1.0), gestational age at birth (38.9+1.3 vs 38.8+
1.5 weeks, p =0.223), birthweight (3435+489 vs 3396+519 g, p =
0.438), macrosomia (13.4% and 11.9%, respectively, p =0.653), SGA
(9.0% and 9.3%, respectively, p = 1.0), hypoglycaemia (7.6% and 8.1%,
p = 1.0), pre-eclampsia (16.8% and 16.3%, p = 1.0), cesarian section rate
(24.5% and 30.6%, p = 0.214), and mean daily FBG (4.8 + 0.4 mmol/L vs
4.9+0.4 mmol/L, p =0.066). GDM1 group achieved lower mean daily
PPG values (6.2+0.5 mmol/L vs 6.4+0.6 mmol/L, p <0.001). The
proportion of women with glucose values within GDM1 targets was
29% and 16% in GDM1 and GDM2 groups, respectively (p =0.007).
The proportion of women with glucose values within GDM2 targets was
85.2% and 70.5% in GDM1 and GDM2 groups, respectively (p = 0.002).
The proportion of women requiring insulin therapy was higher in GDM1
compared to GDM2 group (49% and 27%, p <0.001).

Conclusion: Striving for very tight target glycaemic levels in women
with GDM did not improve pregnancy outcomes but almost doubled
the proportion of women requiring insulin therapy.

Clinical Trial Registration Number: AAAA-A16-116012210374-0
Supported by: This study was partly funded by the RSF (project no. 15-
14-30012)

Disclosure: P. Popova: None.
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Glyburide versus insulin for the prevention of perinatal complica-
tions of gestational diabetes: a pragmatic, non inferiority,
randomised trial

F. Lorenzini', H. Affres?, C. Rolland’, A. Vambergue4, M. Cazaubiel®,
H. Legardeur5 ,P. Rosenberg(’, N. Bourcigaux7, F. Maillot®, A. Rod’, L
Heron'®, V. Castera'!, S. Laboureau'?, F. Bretelle'®, M.-V. Senat'*'>;
'CHU, Toulouse, 2APHP, Le Kremlin Bicétre, >APHP, Clamart, *CHRU,
Lille, >APHP, Colombes, °CH, Poissy, 'APHP, Paris, *CHU, TOURS,
°CHU Céte de Nacre, Caen, lOCHU, Rouen Bois Guillaume, l'l-lopit;al
Saint Joseph, Marseille, 2CHU, Angers, 3APHM, Marseille, '*APHP,
Le Kremlin-Bicétre, '>INSERM, Le Kremlin Bicétre, France.

Background and aims: Use of oral hypoglycemic drugs in gestational
diabétes (GDM) is unusual in european countries, because of results of
metanalysis of 7 randomized clinical trials (RCT) comparing Glyburide
and Insulin, showing an increase in macrosomia and neonatal hypogly-
cemia. However, primary outcome in those trials was maternal blood
glucose control and not prevention of neonatal complications. Thus, we
decided to compare oral glyburide and subcutaneaous insulin for preven-
tion of perinatal complications in women with GDM requiring
pharmacotherapy

Materials and methods: We conducted a non-inferiority RCT between
2012 and 2016 in France. Participants were women with singleton
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pregnancies and GDM diagnosed between 24 and 34 weeks. They were
randomly assigned to receive Glyburide (2.5 to 20 mg/d) or Insulin after
failure of 10-day well-conducted lifestyle measures. Primary outcome was
a composite neonatal criterion including macrosomia, neonatal hypogly-
cemia or hyperbilirubinemia. Secondary outcomes were maternal glyce-
mic control, maternal/neonatal complications, including maternal hypo-
glycemia, and maternal satisfaction. Non-inferiority was demonstrated if
the difference in composite criteria between groups was <7%.

Results: 914 women were randomized; 18% switched from Glyburide
to Insulin. 367 and 442 women and their neonates were analyzed in the
Glyburide and the Insulin groups, respectively, in a per-protocol per-
spective. Frequency of the composite criterion was 23.4% in Insulin
group and 27,6% in Glyburide group. Difference was 4.2% 95%ClI
[-2%; 10.5%]. RR: 1.2 [0.9; 1.5], mainly due to neonatal hypoglyce-
mia, more frequent in Glyburide group. However, we found no differ-
ence in severity of hypoglycemia, neonatal transfer, or delivery com-
plications. Maternal glycemic control during pregnancy was signifi-
cantly better in Glyburide group, mainly for fasting glycaemia.
Maternal hypoglycemia <0.4 g/l were more frequent in the
Glyburide group, but decrease along the study. Women satisfaction
was significantly better in the Glyburide group.

Conclusion: Non-inferiority of glyburide was not demonstrated since the
non-inferiority limit was included in the confidence interval.
Nevertheless, easy use of oral glyburide, small difference in frequency
of the composite criterion, improved maternal glycemic control with low
number of symptomatic hypoglycemia, and better maternal satisfaction ,
should encourage to consider glyburide as an option in treatment strategy
of GDM. Prescription strategy of oral drug, including diet advice remains
to be established to avoid maternal hypoglycemia.

Clinical Trial Registration Number: NCT01731431

Supported by: DRCAPHP

Disclosure: F. Lorenzini: None.
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‘Which growth standards should be used to assess infant size in preg-
nancies affected by type 1 diabetes? An ancillary study from the
CONCEPT clinical trial

C.L. Meek', R. Corcoy?, D.S. Feig’, H.R. Murphy”;

"Metabolic Research Laboratories, University of Cambridge, Cambridge,
UK, 2Flospital de la Santa Creu i Sant Pau, Barcelona, Spain, 3Mount
Sinai Hospital, Toronto, Canada, 4University of East Anglia, Norwich,
UK.

Background and aims: Pregnant women with type 1 diabetes (T1D) are
at risk of multiple complications during pregnancy and frequently give
birth to infants who are large for gestational age (LGA: >90" percentile
for gestational age). However, there is considerable controversy about the
optimal method for assessing and comparing infant size at birth. Although
neonatal growth references have been used in the past, growth standards
are now in common use, which describe expected fetal growth and
birthweight under optimal conditions. Examples include the
INTERGROWTH and GROW data which incorporate various neonatal
and/or maternal parameters to enhance the precision of the birthweight
centile estimate. The CONCEPT? study identified high levels of LGA in
T1D offspring. The aim of the current study was to assess the methods
available for calculation of birthweight centile, and to compare which
approach is most useful for infants of women with T1D.

Materials and methods: The CONCEPT? trial was a multicentre, open-
label, randomised controlled trial which recruited women with T1D in
pregnancy or planning pregnancy. Women monitored their blood glucose
using home capillary glucose monitoring (HGM) and were randomized to
receive additional continuous glucose monitoring (CGM). Participants
were recruited at 31 hospitals in Europe, Canada and North America.
200 infants were born to mothers enrolled in CONCEPTt. Birthweight
and anthropometry were measured by trained staff. Centiles were
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calculated for each infant using GROW, INTERGROWTH and WHO
standards. Rates of LGA were compared for each centile method.
Results: 200 infants were born during CONCEPTt, with mean gestation-
al age 37.0 weeks (sd 1.7 wks) and a mean birthweight of 3564 g (sd
714 g). Using country specific data for GROW, which incorporates ma-
ternal height, weight, ethnicity and parity and infant sex and gestational
age, the mean birthweight centile was 81.9, median 94.9, and 122 (61%)
ofinfants were LGA. Using INTERGROWTH, which incorporates infant
sex and estimated gestational age, the mean centile was 85.2, median
94.6, and 132 (66%) of infants were LGA. WHO standards identified
only 29% of infants as LGA. Calculation of LGA using GROW standards
identified 48/70 (69%) infants admitted to NICU for >24 hours and 32/43
(74%) infants with neonatal hypoglycaemia. Calculating LGA by
INTERGROWTH standards, identified 51/70 (73%) infants admitted to
NICU and 32/43 (74%) infants with neonatal hypoglycaemia. For SGA,
GROW standards identified 3/70 infants with NICU admission and 1/43
infants with neonatal hypoglycaemia. For SGA, INTERGROWTH stan-
dards identified 2/70 infants with NICU admission and 0/43 infants with
neonatal hypoglycaemia.

Conclusion: Rates of LGA varied depending upon the standards used.
This is most likely due to their different approaches to preterm infants.
INTERGROWTH and GROW centiles performed similarly but each has
strengths and limitations when applied to the T1D population.
INTERGROWTH and GROW were both able to identify similar propor-
tions of infants at risk of complications. WHO standards do not make
allowance for preterm infants which renders them unsuitable for use in
T1D offspring.

Clinical Trial Registration Number: NCT01788527

Supported by: JDRF, NIHR, CCTN

Disclosure: C.L. Meek: None.
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Total and severe hypoglycaemia is reduced with use of inhaled
Technosphere Insulin (TI) relative to insulin aspart in type 1 diabetes
F. Pompiliol, L. Blonde?, S. Bruce®, M. Grant*, D.M. Kendall';
"MannKind Corporation, Westlake Village, 2QOchsner Clinic, New
Orleans, *MannKind Corporation (Clinical Development
Consultant), Westlake Village, “MannKind Corporation, Danbury,
USA.

Background and aims: Hypoglycemia (HG) and fear of HG limit
effective insulin therapy and contribute to suboptimal glycemic
control. Ultra-short acting insulins reduce HG risk by providing
glucose-lowering effect early and reducing the risk of late post-
prandial HG. AFFINITY-1, a treat-to-target study in T1D on mul-
tiple daily injection therapy, demonstrated one such ultra-short
acting insulin, TI, was non-inferior to SC aspart in A1C reduc-
tion. Consistent with its action profile, a lower rate of HG was
observed in TI users overall, particularly in the 2—5 h post-meal
interval and in those achieving target AIC <7%. This analysis
evaluates the rates of HG as a function of A1C achieved in
subjects treated with TI compared to insulin aspart at the end of
24 weeks of treatment.

Materials and methods: In this post hoc analysis rates of HG were
compared relative to end of treatment A1C levels in subjects treated with
either TI or insulin aspart from the AFFINITY 1 study. A total of 18,706
HG events occurred in 129 subjects treated with TI and 150 subjects
treated with insulin aspart. A negative binomial regression including
treatment, region, type of basal insulin, and A1C at end of treatment
was conducted to determine LS-mean HG rates for the two treatment
groups.

Results: On average, subjects on TI experienced 30% fewer HG events
than those on aspart: 6983 events in 129 subjects (54.1 events per subject)
vs. 11723 events in 150 subjects (78.2 events per subject). The incidence
of severe HG was similarly reduced (21.7% vs. 31.3%). Additionally,
subjects on TI who reported severe HG experienced fewer events than
those on aspart (59 events in 28 subjects or 2.1 severe HG events per
subject during the trial) vs. 127 events in 47 subjects or 2.7 severe HG
events per subject during the trial). Mean rates for all HG and severe HG
obtained from combined SMBG and AE reporting were significantly
lower with TI than with aspart. The negative binomial regression analysis
yielded an LS-mean HG rate for patients on TI 26% lower than compa-
rable patients on aspart across the entire A1C range (mean ratio: 0.74,
95%CI: 0.68-0.81).

Conclusion: TI’s rapid onset and ultra-short action provide insulin
when needed at meals and between meals. This profile improves
overall and prandial glucose control and, as demonstrated in
AFFINITY-1, has the potential to reduce the risk of late post-
meal HG.
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Structured self-management education for insulin pump therapy
(INPUT): results from a randomised controlled trial

D. Ehrmann', B. Kulzer!, M. Schipferl, B. Lippmann—Grobz, T. Haak?,
N. Hermanns';

'Research Institute of the Diabetes Academy Bad Mergentheim
(FIDAM), Bad Mergentheim, ’Diabetes Clinic Mergentheim, Bad
Mergentheim, Germany.

Background and aims: Continuous subcutaneous insulin infusion
(CSII) offers many technological features which allow users to individu-
alise their therapy to optimise glycaemic control. However, patients need
a vast amount of skills and training to effectively use these features. No
structured education programme has been developed specifically for
CSlIl-therapy that has been evaluated in a randomised controlled trial.
We developed a structured self-management education program for
CSlI-therapy (INPUT) and evaluated its efficacy in a randomised con-
trolled trial with a six-month follow-up.

Materials and methods: 254 patients with CSII-therapy were random-
ized to either receive the INPUT education programme or treatment-as-
usual. All patients were already performing CSlI-therapy for 8.7 +6.8
years, with a mean diabetes duration of 23.1+12.6 years. Primary out-
come was reduction in HbAlc from baseline to six months after the end
of the intervention. Secondary outcomes were incidence of severe
hypoglycaemic events requiring third party assistance, diabetes distress,
depressive symptoms, and usage of pump features.

Results: At the six-month follow-up, the INPUT-group showed a significant
reduction in HbAlc (8.33 £0.8 vs. 8.04 +0.9; p <0.0001), but HbAlc in the
control group remained unchanged (8.33 £ 1.0 vs. 8.27+1.0; p =0.11). The
between-group difference in HbAlc reduction was significant, favouring
INPUT (A —0.22%, 95% CI —0.38 to —0.06; p =0.003). Furthermore, the
chance to achieve optimal glycaemic control at follow-up (HbAlc <7.5%)
was 1.98-times higher in the INPUT-group than in the control group (95% CI
1.04 to 3.78; p =0.03). Incidence rate ratio of severe hypoglycaecmia was
3.55-times higher for participants in the control group than for those in the
INPUT-group (95% CI 1.50 to 8.43; p =0.004). Diabetes distress (A —5.80;
95% CI —8.87 to —2.73; p =0.0003) and depressive symptoms (A —2.08;
95% CI —3.89 to —0.29; p =0.011) were significantly more reduced in the
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The ultra-rapid insulin BioChaperone Lispro shows favourable
pharmacodynamics and pharmacokinetics compared to faster insu-
lin aspart and insulin aspart in insulin pumps

G. Meiffren', O. Kleinz, C. Seroussi', A. Ranson', J. Arrublaz, J.
Correia', M. Gaudier', O. Soula', R. Soula', B. Alluis', S. Glezer!, T.
Heise?, B. Bode®;

'Adocia, Lyon, France, 2Profil, Neuss, Germany, 3 Atlanta Diabetes
Associates, Atlanta, USA.

Background and aims: BioChaperone Lispro is an ultra-rapid insulin
lispro formulation designed to better mimic the physiological timing of
prandial insulin action than conventional insulin analog formulations and
to achieve a more stable blood glucose control. This clinical trial is the
first to investigate the pharmacodynamic (PD) and pharmacokinetic (PK)
properties of the two ultra-rapid insulins BioChaperone Lispro (BCLIS)
and faster insulin aspart (FIA) and of the conventional insulin analog
aspart (ASP).

Materials and methods: Forty-three otherwise healthy participants with
type 1 diabetes were enrolled in this phase 1 single center, double blind,
randomised, three period cross-over clinical trial. Each insulin formula-
tion was administered with an insulin pump under automated
euglycaemic clamp conditions (blood glucose target 5.5 mmol/L). A
priming dose was injected around 5 hours before a bolus dose of
0.15 U/kg given at time =0 on top of a 0.01 U/kg/h basal infusion main-
tained from pump priming to the end of the clamp procedure, 10 hours
after the bolus administration. PK was assessed using a validated assay
for insulin aspart and insulin lispro.

Results: BCLIS was associated with significantly higher early insulin
exposure (AUCys o.1n BCLIS 68 +£27; ASP 43 +£22; FIA 59+21
h.mU/L, p <0.001 for BCLIS vs ASP; p =0.028 for BCLIS vs FIA),
lower late exposure (AUCins 2-6n 81 £43 vs. 95 +41 vs. 93+45h mU/L,
p <0.001; p =0.002) and earlier time to late half-maximum exposure
(tlate0.51NSmax 147 £48 vs 183 £ 68 vs 165+59 min, p <0.001; p =
0.003) than FIA and even higher differences to ASP (figure). Compared
to ASP, BCLIS had significantly faster-on and faster-off activity with
higher area under the glucose infusion rate curves in the first two hours
(AUCGIR 0-2n, mean+ SD 592 +275 vs. 500 +244 mg/kg, p <0.0038),
lower AUCGIR 261 (784 £402 vs 980 £ 453 mg/kg, p =0.0015) and ear-
lier times to early and late half-maximum GIR (tearyo.5GiRmax 44 =22 Vs
58+ 19 min, p <0.0001; tiye0.5G6IRmax 210 £68 vs 232 +£52 min, p =
0.0020). Compared to FIA, BCLIS showed similar early glucose-
lowering effects and a significantly lower late glucose-lowering effect
with reaching tjae0.5G1Rmax €arlier (147 £48 vs 165459 min, p =
0.0017). All three formulations were safe and well tolerated.
Conclusion: Administered with an insulin pump, BCLIS exhibits ultra-
rapid PK and PD properties compared to ASP, and favorable profiles
compared to the ultra-rapid FIA formulation.
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Figure: Mean baseline adjusted glucose infusion rate (GIR) (left) & PK (right) profiles after a subcutaneous bolus
dose of BCLIS, FIA or ASP administered with an insulin pump on top of a basal infusion.
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Clinical Trial Registration Number: NCT03179332

Supported by: Adocia
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Shareholding; Adocia.

58

Long-term safety and efficacy of intraperitoneal insulin infusion
from implanted pumps in a large series of patients with type 1 dia-
betes and initial high glucose variability

E. Renard'?, B. Guerci®*, N. Jeandidier”®, EVADIAC;

"Department of Endocrinology, Diabetes, Nutrition, CHU Montpellier,
Montpellier, *Institute of Functional Genomics, University of Montpellier,
INSERM, CNRS, Montpellier, 3Department of Endocrinology, Diabetes
and Nutrition, CHU Nancy, Vandoeuvre les Nancy, “University of Lorraine,
Nancy, *Department of Endocrinology, Diabetes and Nutrition, CHU
Strasbourg, Strasbourg, “University Louis Pasteur, Strasbourg, France.

Background and aims: Intra-peritoneal (IP) delivery allows an alterna-
tive route for insulin therapy in patients with type 1 diabetes (T1D) who
present high glucose variability under subcutaneous insulin treatment. We
assessed from the data of a post authorization safety study the long-term
safety and efficacy on glucose control of IP insulin therapy.

Materials and methods: Two hundred and fifty-three patients followed in 12
university hospitals have been enrolled in a multinational, multicenter, observa-
tional, prospective cohort study for patients with T1D who are treated with
Insuman Implantable 400 [U/mL in Medtronic MiniMed implantable pumps.
Visits occurred according to routine clinical practice for the use of an implant-
able pump, which is at refill visits (every 40-45 days) and at ad hoc visits related
to complications of the insulin treatment regimen or pump. The primary objec-
tive of the study was to better characterize identified risks of severe hypoglyce-
mia, hyperglycemia (caused by insulin underdelivery due to pump jamming,
pump dysfunction or catheter occlusion), pump pocket infection, abnormal
healing (at the surgical incision site after device implantation), and skin erosion.
Data after a follow-up of 0.9 +0.3 year (>1 year in 97.6%) has been analyzed,
representing a cumulated experience of 343.5 patient-years (PY).

Results: The cohort includes 241 T1D patients who had been using MIP for
15.1 +7.7 years at inclusion and 12 new patients. The patient characteristics at
inclusion were: 149F/104M, age: 56.6+10.9, BMI: 25.7+4.3, T1D dura-
tion: 354+ 12.1 years, HbAlc: 7.6+ 1.0%. IP insulin was motivated by
brittle diabetes in 68% cases and frequent severe hypoglycemia in 26.9%.
Comorbities included: cardiovascular diseases in 26%, retinopathy in 51.4%,
nephropathy in 23.3%, neuropathy in 31.5%. Premature discontinuation oc-
curred in 4 cases: 2 by patient decision and 2 deaths of cardiovascular origin.
The incidences of severe hypoglycemia, hyperglycemia due to insulin
underdelivery, pump pocket infection and skin erosion were 7.3, 18, 1.2
and 0.3 per 100 PY, respectively. No ketoacidosis was reported. Surgical
outcomes included 7 temporary and 1 definitive explantations, and 9 catheter
replacements (incidence: 2.6/100 PY). Longer duration of IP experience was
significantly associated with lower risk of hyperglycemic events.
Conclusion: Our study shows sustained efficacy of IP insulin on glucose
control with a low incidence of severe hypoglycemia in these patients with
multiple comorbidities and initial high glucose variability. Hyperglycemic ep-
isodes related to underdelivery events were limited and solved in most cases

with no surgical intervention. This data supports the utility of IP insulin deliv-
ery from implanted pumps in T1D patients with major glucose control issues.
Supported by: SANOFI

Disclosure: E. Renard: Honorarium; Medtronic, Sanofi.
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Hypoglycaemia with mealtime fast-acting insulin aspart versus insu-
lin aspart across two large type 1 diabetes trials

C.De Block', A. Carlson?, L. Rose’, T. Gondolf*, A. Gorst-Rasmussen®,
T.W. Boesgaard4, W. Lane’;

"Department of Endocrinology-Diabetology-Metabolism, Antwerp
University Hospital, Antwerp, Belgium, *International Diabetes Center,
Minneapolis, USA, Institute of Diabetes Research, Miinster, Germany,
“Novo Nordisk A/S, Seborg, Denmark, SMountain Diabetes and
Endocrine Center, Asheville, USA.

Background and aims: Hypoglycaemia is a ubiquitous challenge with in-
sulin treatment in type 1 diabetes (T1D), with nocturnal episodes of particular
concern. The aim of this analysis was to investigate the safety of mealtime fast-
acting insulin aspart (faster aspart) across two large double-blind, treat-to-target,
randomised T1D trials comparing faster aspart and insulin aspart (IAsp).
Materials and methods: Analysis of severe (as defined by the American
Diabetes Association) or blood glucose-confirmed (3.1 mmol/L [<56 mg/
dL]) hypoglycaemia was performed across two trials evaluating the efficacy
and safety of faster aspart vs [Asp by multiple daily injections in adults with
T1D: a 52-week trial in combination with insulin detemir (onset 1; n =761),
and a 26-week trial in combination with insulin degludec (onset 8; n = 684).
Results: Faster aspart was confirmed to be non-inferior to [Asp regarding
change from baseline in HbA in both trials, with a statistically significantly
greater HbA | reduction with faster aspart in onset 1. Importantly, nocturnal
hypoglycaemia rates were consistently lower with faster aspart vs IAsp in
both trials (pooled estimated treatment rate ratio [ETR] 0.84 [95% CI:
0.72;0.98]; p =0.02) (Figure), while no significant difference was observed
for overall (pooled ETR 0.94 [95% CI: 0.85;1.05]) and diurnal
hypoglycaemia rates (pooled ETR 0.96 [95% CI: 0.86;1.07]) with some
heterogeneity across trials.

Conclusion: Analysis across two large trials supports the safety of meal-
time faster aspart, with lower rates of nocturnal hypoglycaemia with faster
aspart vs [Asp.

Figure: Diurnal and nocturnal severe or blood glucose-confirmed
hypoglycaemic events®

Diurnal ETR (95% Cl)
onset 1 (n=761) — 1 1.03 (0.90;1.19)
onset 8 (n=684) —— 0.84 (0.70;1.01)
Pooled (n=1445; p=0.46) <> 0.96 (0.86;1.07)
Nocturnal

onset 1 (n=761) —— 0.84 (0.69;1.01)
onset 8 (n=684) —— 0.84 (0.65;1.09)
Pooled (n=1445; p=0.02) P 0.84 (0.72;0.98)

| e e— — |

06 08 10 1.2
Favours faster aspart  Favours insulin aspart

2An episode that is severe (requiring assistance of another person to actively administer
carbohydrate or glucagon, or take other corrective actions) or blood glucose-confirmed by a
plasma glucose value 3.1 mmol/L (<56 mg/dL) with or without symptoms consistent with
hypoglycaemia.

Pooled ETR and Cl is obtained from a fixed-effects meta-analysis. Study duration of onset 1
was 52 weeks and onset 8 was 26 weeks. For onset 1, weighted contribution is 63.5% for
diurnal hypoglycaemia and 65.2% for nocturnal hypoglycaemia. For onset 8, weighted
contribution is 36.5% for diurnal hypoglycaemia and 34.9% for nocturnal hypoglycaemia.
Cl, confidence interval; ETR, estimated treatment rate ratio; faster aspart, fast-acting insulin
aspart; N, total number of subjects in faster aspart/insulin aspart arm.
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Clinical Trial Registration Number: NCT01831765; NCT02500706
Supported by: Novo Nordisk

Disclosure: C. De Block: Lecture/other fees; Abbott, AstraZeneca, A.
Menarini Diagnostics, Lilly, MSD, Novartis, Novo Nordisk, Sanofi,
Johnson & Johnson.
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Ultra rapid lispro (URLI) reduces postprandial glucose excursions vs
lispro in patients with type 1 diabetes at multiple meal-to-dose timing
intervals

L. Plum-Morschel', J K. Leohr?, R. Liv?, S.R. Reddy?, M.A. Dellva?,
S.T. Lim®, M.T. Loh®, M.P. Knadler?, T.A. Hardyz, C. Kazda*;

'Profil Mainz GmbH & Co. KG, Mainz, Germany, 2Eli Lilly and
Company, Indianapolis, USA, 3Lilly—NUS Centre Clin Pharm Pte Ltd,
Singapore, Singapore, “Lilly France, Neuilly-sur-Seine, France.

Background and aims: Ultra Rapid Lispro (URLi; LY900014), a novel
mealtime insulin in Phase 3 development, is shown to reduce postprandial
glucose after subcutaneous injection.

Materials and methods: This 2-part, randomised, double-blind, Phase
1b study evaluated the differences in PK and PD between URLi and lispro
(Humalog®) in 30 patients with T1D. Part A used a 6-period crossover
design to evaluate safety and compare PK and postprandial glucose re-
sponse to solid mixed meal tolerance tests (MMTT) with the same,
individualised doses of URLI or lispro at different injection-to-mealtime
intervals (—15, 0, and +15 min). Part B evaluated the safety, PK, and PD
during 2 wks of multiple daily dosing (immediately before a meal) in a
parallel design. Patients were stabilised overnight to a fasting blood glu-
cose level of 7 mmol/L before the MMTT procedure.

Results: In Part A, URLi reduced glucose excursions (assessed as change
in area under the concentration curve vs. time [AAUC]) vs. lispro during
the first 2 hrs (AAUCO0-2h) and entire 5 hrs (AAUCO-5h) of the MMTT
regardless of dose timing (Figure). URLi reduced AAUCO-2h by 103%
(p =0.008), 39% (p =0.031), and 16% (p =0.096), and AAUCO-5h by
40% (p =NS), 44% (p = 0.097), and 42% (p = 0.026) vs. lispro at —15, 0,
and +15 min (significance level = 0.1). The PK and PD profiles for URLi
and lispro were sustained after 2 wks of outpatient dosing (Part B).
Similar numbers of hypoglycaemic events occurred between treatments
during MMTTs. During 2 wks of outpatient dosing, the number of events
was numerically lower for URLI vs. lispro. Local tolerability was similar
between treatments.

Conclusion: These results provide preliminary evidence that URLi may
improve postprandial glucose control in T1D.

Immediately prior to MMT1T +15 min after MMTT

“15 min prior to MMTT .
12 2

—— Lispro

Mean Glucose Concentration (mmoliL)

R
Time (h) Time (h) Time (h)

Figure: Mean glucose concentration (+SE) versus time when dosed 15 min before (left), immediately prior

(middle), and 15 min post-test meal (right) by treatment following a single dose (Part A).

Clinical Trial Registration Number: NCT02703350
Disclosure: L. Plum-Morschel: None.
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Painful diabetic neuropathy is characterised by impaired sensory
cortex and thalamic haemodynamic response to exogenous pain

M. Greigl, L.D. Wilkinson?, R. Gandhi', D. Selvarajahz, S. Tesfayel;
"Royal Hallamshire Hospital, Sheffield, *University of Sheffield,
Sheffield, UK.

Background and aims: Diabetic peripheral neuropathic pain (DPNP)
negatively impacts quality of life of affected individuals and exacts an
enormous socio-economic cost. Currently treatments provide inadequate
management of pain in many patients. Our understanding of the risk
factors that underlie the development of chronic neuropathic pain is lim-
ited. Recent studies have suggested an important contribution of dysfunc-
tion in descending pain modulatory circuits to pain ‘chronification’. The
aim of this study was to measure cerebral perfusion of the pain processing
areas of the brain using MR-Dynamic Susceptibility Contrast (MR-DSC)
imaging at rest and under experimental pain condition.

Materials and methods: 74 subjects [55 with TIDM (20 DPNP, 23
painless-DPN, 13 no-DPN) and 19 healthy non diabetic volunteers]
underwent detailed clinical and neurophysiological assessment
(NISLL+7 tests of nerve function; DN4 pain questionnaire). MR images
were obtained at 3T using a MR-DSC, T2*-weighted technique (TR/
TE =12]0/35 ms; 72 dynamics) to assess the passage of a bolus of intra-
venous gadolinium-chelate through cerebral vascular bed. Subjects were
scanned at baseline and during 90s of heat-pain applied to the right lateral
thigh (non-neuropathic area). The time-to-peak (TTP) concentrations of
gadolinium in the right and left thalami (Rt-T and Lt-T), and right and left
sensory cortices (Rt-SC and Lt-SC), were measured.

Results: At baseline, the mean TTP concentrations (s) in the regions of
interest (ROIs) were shorter in the DPNP group [e.g. Rt-T: Mean (SD):
9.22(1.13) vs HV 9.83 (0.99), no-DPN 9.59 (0.90), painless-DPN 9.94
(0.97)] although these were not statistically significant (e.g. Rt-T, p =
0.058). However, the change in TTP in response to thermal pain was
significantly prolonged in the DPNP group in the ROIs: Lt-T (p =
0.021), RT (p =0.003), Lt-SC (p =0.009), Rt-SC (p =0.008). Whilst
healthy volunteers respond to thermal pain by shortening the TTP in
ROlIs, the DPNP group do the reverse (p < 0.05).

Conclusion: Subjects with painful-DPN have a paradoxical delay in TTP
in response to exogenous thermal pain. This suggests that chronic neuro-
pathic pain state may result in a failure to mount a hemodynamic response
to external pain indicating abnormal pain processing and impaired de-
scending inhibition. This novel finding may serve as an objective marker
of chronic DPNP, and a potential target for the development of novel
treatments.

Supported by: EFSD

Disclosure: M. Greig: None.
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Pain network functional connectivity in painful diabetic neuropathy:
Resting State Functional MRI study

D. Selvarajah, I.D. Wilkinson, M. Awadh, K. Teh, S. Pallai, S. Tesfaye;
University of Sheffield, Sheffield, UK.

Background and aims: Painful neuropathy (Painful-DPN) affects up to a
fifth of patients with diabetes and can lead to progressive disability and
poor quality of life. There are no objective biomarkers and current treat-
ments are less than optimal. We examined the resting functional connec-
tivity of the cortical pain network in painful DPN as a possible objective
biomarker for neuropathic pain.

Materials and methods: 54 patients with diabetes (No DPN, n =16;
Painful DPN, n =23 Painless DPN, n =15) and 16 healthy volunteers
underwent detailed clinical and neurophysiological assessments
(NIS[LL]+7tests). Resting state fMRI data were acquired at 3T
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(Achieva, Philips Healthcare) and data analysis was performed using the
Conn Functional Connectivity Toolbox in SPM. Seed region of interest
analysis was performed in the somatosensory cortex and insula cortex to
represent the sensory discriminatory and affective components of pain
processing respectively.

Results: There was increased functional connectivity in the somatosen-
sory cortex (—42, —22, 56; TFCE, corrected p <0.05) and reduced func-
tional connectivity in the insular cortex (34, 62, 60; TFCE, corrected p <
0.05) in patients with painful DPN compared to other study cohorts.
Somatosensory functional connectivity significantly correlated overall
neuropathy severity score (= 0.57; p =0.03). There were no significant
correlations between quantitative pain assessments with somatosensory
functional connectivity (HADS-A r=-0.35, p =0.20), Short Form 36,
r=-0.43; p =0.11 and Chronic Pain Acceptance Questionnaire r=
—0.16, p =0.57). Conversely, insula cortex functional connectivity was
significantly correlated with affective measures of the chronic pain con-
dition (HADS-A r=-0.48, p =0.02; SF-36 »r=-0.51, p =0.01; CPAQ
r=—0.65, p =0.001) but not with neuropathy composite score (» =—0.09,
p =0.70).

Conclusion: This is the first study to examine resting state pain net-
work functional connectivity in DPN. We have demonstrated that
abnormal pain network functional connectivity reflects closely the
roles of each brain region. Alterations in functional connectivity of
the insula cortex, which is involved with interoceptive awareness and
the emotional experience, correlated with subjective measures of pain
and behaviour unique to the chronic pain condition. Whereas, the
somatosensory cortex which is involved with nociceptive/sensory
discrimination was more closely related to objective measures of
neuropathy severity based on neurophysiological assessments. This
novel, quick (five minute) MRI scan captures the multi-dimensional
aspects of chronic pain and has a great potential to be an objective
assessment tool in both clinical trials and practice.

Supported by: European Foundation for the Study of Diabetes R/145328
Disclosure: D. Selvarajah: None.
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Pericyte mediated reduction in spinal cord blood flow in diabetic
neuropathic pain

R.P. Hulse', M.E. Da Vitoria Lobo’, D.O. Bates’;

"Nottingham Trent University, Nottingham, “University of Nottingham,
Nottingham, UK.

Background and aims: The role that the neurovascular network within
the spinal cord plays in regulating nociception has not been investigated;
especially in neuropathic pain. We have recently identified that blood
vessels in the spinal cord of diabetic animals are narrower than in non-
diabetic animals, and that this was accompanied by development of pain.
We hypothesise that this reduction in vessel diameter could be a result of
vasoconstriction, related to changes in the cells surrounding these vessels
(pericytes) due to alterations in the hormone angiotensin II, and activation
of its receptors.

Materials and methods: All Experiments were designed in accordance
with UK Home Office legislation, Animals (Scientific Procedures) Act
1986 and ARRIVE guidelines. A rodent model of type 1 diabetes was
induced in Female Sprague dawley rats (~200 g) (n = 6/group).
Streptozotocin (intraperitoneal 50 mg/kg) was administered and animals
were insulin supplemented. All studies were carried out with age matched
controls. Animals body weight was monitored and levels of blood glucose
determined (hyperglycaemia >15 mmol/l). 8 weeks following
streptozotocin administration, animals were administered with
hypoxyprobe (60 mg/kg) intraperitoneal 30 minutes prior to being termi-
nally anaesthetised (intraperitoneal 60 mg/kg Sodium Pentobarbital) and
cardiac perfused with 4% paraformaldehyde. Lumbar spinal cords were
extracted and processed (40 uM thick sections) for confocal microscopy
to identify the endothelium (CD31), pericytes (NG2, PDGFR3) and AT1R.

Results: In diabetic animals that displayed neuropathic pain there was a
significant reduction in vessel diameter in the spinal cord versus age
matched controls (p <0.0001). This was associated with increased levels
of hypoxia indicated through increased hypoxyprobe staining in the dor-
sal horn of the spinal cord of diabetic animals (p <0.05, p <0.0001).
Furthermore, this vasconstriction in diabetic animals was significantly
prevalent when in close proximity to pericytes (AT1R positive, p <0.05).
Conclusion: This demonstrates that pericyte function has a role in mod-
ulating the neurovascular network and pain. This highlights a novel
mechanism by which diabetic neuropathic pain may manifest.
Supported by: EFSD microvascular research programme and Rosetrees
Trust

Disclosure: R.P. Hulse: None.
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Regional brain volume reduction in diabetic peripheral neuropathy:
a magnetic resonance imaging volumetry study

S. Tesfaye, S. Pallai, F. Heiberg-Gibbons, K. Teh, I.D. Wilkinson, D.
Selvarajah;

University of Sheffield, Sheffield, UK.

Background and aims: Diabetic peripheral neuropathy (DPN) is a com-
mon and serious complication, which was hitherto considered a disease of
the peripheral nervous system. The is increasing evidence of significant
central nervous system involvement in DPN. We have conducted a series
of magnetic resonance imaging (MRI) experiments to examine structural
brain alterations in DPN.

Materials and methods: 102 patients with type 1 and 2 diabetes (34 No
DN, 34 Painless DN & 34 Painful DN) and 34 healthy volunteers underwent
detailed clinical and neurophysiological assessments. All subjects underwent
3-dimensional T1-weighted brain MRI (3.0T, Philips). Brain volume analy-
sis was performed using SIENAX (www.fmrib.ox.ac.uk/fsl) and Freesurfer
(http://surfernmr.mgh.harvard.edu/). Segmented brain volumes (total brain,
peripheral and total grey, white matter and CSF) and regional cortical thick-
ness (postcentral gyrus, precentral gyrus and insula cortex) were measured.
Results: Groups were matched for age and gender (p > 0.05). Total brain
volume was significantly lower in both neuropathy groups (painful DN
[1401.7 (10.7)ml], painless DN [1393.5 (69.6)ml]) compared to the HV
[1457.2(79.2)ml] and No DN [1437.2(60.9)ml]; ANOVA p <0.01). Total
grey matter volume was significantly lower in painful DN
[713.9(67.1)ml] and painless DN [717.2(42.4)ml] compared to controls
(HV [758.4(46.5)] ; p <0.01; No DN [747.3(41.1)]; p =0.015). There
were no significant differences in white matter (ANOVA p =0.18) and
CSF (ANOVA p =0.23) volumes. Painful DN subjects had significantly
lower cortical thickness in the right postcentral gyrus [1.83(0.14)mm vs
HV 1.91(0.13)mm]; (p =0.02); left precentral gyrus [2.31(0.16)mm vs
HV [2.39(0.12)mm]; (» =0.02) and no DN [2.38(0.14)mm]; (p =0.04);
and left insula [2.81(0.15)mm] vs HV [2.97(0.14)mm];(p <0.01).
Conclusion: This is the largest cohort study of brain volume changes in
subjects with DN examined to date. We have demonstrated significant
reduction in grey matter volume in painful and painless DN subjects. In
painful DN this is localised within the somatomotor cortex and insula.
These findings highlight significant CNS involvement in DN that pro-
vides clues to the pathogenesis of this condition.

Supported by: European Foundation for the Study of Diabetes
Disclosure: S. Tesfaye: None.
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Efficacy of platelet rich plasma injection in diabetic neuropathy:
double blinded randomised controlled trial

W.A.M. Khalifa', M.M. Hassanien?, A.-R. Al-awamy>, H.M.
Abdelhafez4, Y.S. Hussienz;

'Internal Medicine, Assiut University, Assiut, 2Rheumatology and
Rehabilitation department, Faculty of Medicine, Assiut University,
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Assiut, >Anesthesia department, Assuit University, Assiut, 4Clinical
Pathology department, Assiut University, Assiut, Egypt.

Background and aims: Till now there is no available effective therapy
for the treatment of diabetic peripheral neuropathy (DPN). Autologous
platelet rich plasma (PRP) is an easy and cost effective method as it
provides necessary growth factors for axon regeneration. Aim: To evalu-
ate the clinical efficacy of PRP perineural injection in the treatment of
DPN compared to traditional medical treament

Materials and methods: Double blinded randomized controlled trial was
conducted. All included patients had type2DM, DPN of at least 5 years.
Neuropathy was assessed by the modified Toronto Clinical Neuropathy
score (mTCNs). Baseline pain and nerve conduction studies were
done.Regardless of age and gender participants were divided into two
groups, both the control and experimental groups received primary treat-
ment and strictly control blood glucose. Group I underwent PRP perineu-
ral injection under ultrasound guidance. Group II received medical treat-
ment only. Patients were followed for 6 months. Independent student's
test was used for comparisons between groups.

Results: The study included 60 patients, 33(55%) were female with a
mean age of 35.27 + 12.86 years with duration of DPN 7.42 +1.51 years.
40 patients underwent PRP peri-neural injection. Significant symptomatic
improvement in group I versus group II (P value <0.001). both mean
motor nerve conduction velocity and Sural conduction velocity were
accelerated in group I after 6 months of PRP application (P value
<0.05, <0.001 respectivly), also mTCNS had improved in group I post
PRP injection (P value <0.001).

Conclusion: Application of PRP perineural injection is an effective ad-
junct therapy in diabetic peripheral neuropathy, also it significantly im-
proves neuropathic symptoms

Clinical Trial Registration Number: NCT03250403

Disclosure: W.A.M. Khalifa: None.
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Improvement in painful diabetic neuropathy after 3 months from
administration of a supplement containing SOD, ALA, By, and
Carnitine

T. Didangelos, E. Karlafti, K. Tziomalos, Z. Kontoninas, C. Margaritidis,
N. Krikis, A. Hatzitolios;

Diabetes Center, 1st Prop. Department of Internal Medicine, “AHEPA”
Hospital, Aristotele University, Thessaloniki, Greece.

Background and aims: To investigate the effect of a new combination of
four elements [Superoxide Dismutase (SOD), Alpha Lipoic Acid (ALA),
Acetyl L-Carnitine (AC), Vit. B12] contained in one pill in Painful
Diabetic Neuropathy (PDN). It is a combination of two antioxidants plus
Vit B12 and Carnitine.

Materials and methods: In current prospective, double-blind, placebo con-
trolled, age matched study, 65 patients with Diabetes Mellitus Type 2
(DMT?2), 31 women, with mean age 63+ 11 years, mean duration of DM
15 years randomized in two groups: group A: n =32 received placebo and
group B: n =33 received the pill with the combination of the four elements
(SOD, ALA, B12, ACL). All patients were on treatment either with a com-
bination of antidiabetic drugs or with a combination with insulin and drugs.
Treatment of diabetes did not change during the three months of follow up.
The following methods for detecting Diabetic Peripheral and Autonomic
Neuropathy (DPN, DAN) used: Michigan Neuropathy Screening
Instrument Questionnaire and Examination (MNSIQ and MNSIE), measure-
ment of vibration perception threshold with biothesiometer (BIO) and
Cardiovascular Reflex Tests (CRT): R-R variation during deep breathing
[assessed by mean circular resultant (MCR)], Valsalva maneuver (Vals),
30:15 ratio and blood pressure response to standing (OH). We used a pain
(PS) and a quality of life (QL) questionnaire, also.

Results: All indices of measurements between the two groups including
HbAlc (group A 6.8+ 1.2 vs group B 7.2 + 1.2 p = 0.660) did not differ at

@ Springer

baseline. The following indices increased significantly in group B (base-
line vs final): BIO 35+ 13 vs 28+ 15 (p <0.001), MNSIQ 4.3+3.0 vs
424299 (p =0.009), QL 39.0+11.4 vs 37.2+10.9 (p <0.001) and
PAIN 20.5+7.1 vs 18.6£6.7 (p <0.001). Indices of CARTS and
MNGSIE did not differ significantly in group B (baseline vs final). We
did not observe a significant change in all indices: in group A (placebo
group).

Conclusion: In current study after three months from the administration
of the combination with four elements in one pill, we observed an im-
provement in vibration perception threshold as measured by
biothesiometer, in Pain, in Quality of Life and in MNSI Questionnaire.
The pill contains two anti-oxidants (SOD, ALA), Vit B12 and Acetyl L-
Carnitine and those could be helpful in the management of painful symp-
toms in patients with PDN or could be a good starting point for a valid
adjuvant for the treatment of pain symptoms.

Disclosure: T. Didangelos: None.
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OP 12 Beta cell identity, degeneration and type
2 diabetes

67

tRNAC™ fragmentation in patient iPSC-derived beta-like cells medi-
ates apoptosis in TRMT10A diabetes

C. Cosentino', S. Toivonen', E. Diaz Villamil', S. Demine', A.
Schiavo', N. Pachera', D. Balboa?, T. Otonkoski?, P. Marchetti®, D.L.
Eizirik', M. Cnop'*, M. Igoillo-Esteve';

'"ULB Center for Diabetes Research, Univertsité Libre de Bruxelles,
Bruxelles, Belgium, *Rescarch Programs Unit, Molecular Neurology
and Biomedicum Stem Cell Centre, University of Helsinki, Helsinki,
Finland, *Department of Endocrinology and Metabolism, University of
Pisa, Pisa, Italy, “Division of Endocrinology, Erasmus Hospital,
Université Libre de Bruxelles, Bruxelles, Belgium.

Background and aims: Loss-of-function mutations in TRMT10A, a
transfer RNA (tRNA) methyltransferase, cause early onset diabetes and
microcephaly. tRNAs play a crucial role in cellular homeostasis and post-
transcriptional modifications, such as methylation, modulate tRNA func-
tion and fragmentation. tRNA-derived halves (tiRNAs, 29-50 nt) and
fragments (tRFs, 14-30 nt) are a new class of functional small noncoding
RNAs, involved in cellular stress responses. Here we investigated the
molecular mechanisms underlying {3-cell demise in TRMTI10A
deficiency.

Materials and methods: Induced pluripotent stem cell (iPSC) lines were
derived from a TRMT10A-deficient patient and healthy controls.
TRMTI10A expression was silenced in EndoC-3H1 cells by siRNA.
Reactive oxygen species (ROS) were measured using HPF fluorescent
probe. qRT-PCR was used to detect guanine-9 methylation (m;G”) in
tRNAs. tRNA fragmentation was assessed by Northern blot and qRT-
PCR. Synthetic tRNA fragments and tRF inhibitors were transfected by
lipofection. Apoptosis was examined by nuclear dyes, Western blot and
immunocytochemistry.

Results: iPSCs from controls and TRMT10A diabetic patients were
successfully differentiated into (3-like cells using a 7-stage protocol.
Stage-7 cells expressed insulin and glucagon-like peptide-1 receptor
mRNA at levels comparable to EndoC-BH]1 cells and human islets
(n =9-12). In iPSC-3-like cells and TRMTI10A-depleted
EndoC-BHI cells (>70% knockdown, p <0.001) m;G° methylation
was reduced in a subset of cytosolic tRNAs, including tRNAS™
(p <0.05, n =6-12). Hypomethylation of tRNAS™ resulted in frag-
mentation and increased 5'-tiRNAS™ and 5'-tRFC™ in patient-
derived cells (1.5+0.5 fold increase vs controls, p <0.05 n =3-
6). Transfection of TRMT10A-competent EndoC-3HI1 cells with
synthetic 5'-tiRNA®™ and 5'-tRF™ induced apoptosis. Conversely,
transfection of antisense oligonucleotides targeting 5'-tiRNA™ and
5'-tRFE" protected TRMT10A-deficient B-cells from apoptosis (23
+2% apoptosis in TRMT10A-silenced cells vs 17+2% following
antisense transfection, p <0.05). TRMT10A deficiency induced ox-
idative stress (p <0.05, n =5) and triggered the intrinsic pathway of
apoptosis. The ROS scavengers Tiron (25 uM) and NAC (1 mM)
protected TRMT10A-deficient (3-cells from apoptosis (20 +2% ap-
optosis without NAC vs 14 +2% with NAC, p <0.05, n =4).
Conclusion: Using patient iPSC-derived (3-like cells and RNA inter-
ference we show that TRMT10A deficiency induces oxidative stress
and activation of the intrinsic pathway of apoptosis. TRMTI0A
deficiency leads to hypomethylation and fragmentation of tRNAs.
We demonstrate that 5-tRNAS™ fragments are key mediators of f3-
cell death. Our study provides unequivocal evidence for the impor-
tance of tRNA modifications in human pancreatic (3-cells and iden-
tifies tRNA hypomethylation and fragmentation as a novel mecha-
nism of (-cell demise in diabetes.

Supported by: T2DSystems European Union’s Horizon 2020, FNRS,
ARC, SED-Novartis, EFSD

Disclosure: C. Cosentino: None.
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Role for a IncRNA at the Pax6 locus in controlling beta cell identity
and function

R.M. Callingham', S. Itzkovitz?, L. Farack?, T.J. Pullen', G.A. Rutter';
!Cell Biology and Functional Genomics, Imperial College Lonodn,
London, UK, 2Department of Molecular Cell Biology, Weizmann
Institute of Science, Rehovot, Israel.

Background and aims: Long non-coding RNAs (IncRNA) regulate ex-
pression of several 3-cell transcription factors (TFs) (PdxI, Nkx2.2).
Pax6 is an essential TF for endocrine development of both 3- and x-cells,
and is preferentially expressed in the latter. Here, we examine the role of a
IncRNA (Pax6os1) expressed from the Pax6 locus in (3-cell function.
Materials and methods: Pax6os! expression was silenced in MIN6 (3-
cells using small interfering RNAs (siRNA). RNA sequencing was per-
formed on an [llumina platform (HiSeq 2000) and differentially expressed
genes identified with DESeq2. Cell proliferation was assessed using a
Cyquant kit (Thermo Fisher). Subcellular location was determined with
fractionation and differential centrifugation as well as single molecule
fluorescent in situ hybridization (smFISH). The MIT CRISPR design tool
was used to development a two gRNA system to delete a ~733 bp region
spanning Pax6oslexon 1 and its upstream promoter in MING6 cells and
C57BI6/J mice.

Results: Silencing of Pax6osl led to a 25+0.07% (n =9 independent
experiments, p = 0.0015) increase in Pax6 expression. RNA-seq revealed
differential expression of genes involved in (3-cell identity, including
‘disallowed” 3-cell genes. Upregulation of essential (3-cell genes (/nsi,
Gck, Slc2a2, Pdx1) with a coordinated downregulation of genes involved
in alternative 3-cell fates (Slc/6al, Ldha, Pdkl) were observed. Cellular
proliferation was significantly reduced (p < 0.05) 72 h post siRNA trans-
fection. Assessment of subcellular localisation in MING cells revealed that
Pax6os1 was enriched 2.5-fold (p =0.0001, n = 3) within the cytoplasm,
while localisation of Pax6 mRNA also tended to be preferentially (1.6-
fold) enriched in the nuclear fraction. mRNA encoding other islet TFs
(Pdx1, Nkx6.1) showed no preferential retention in the nucleus.
Cytoplasmic localisation of Pax6osland Pax6 were enhanced by incuba-
tion for 6 h at elevated (25 vs 5 mmol/l) glucose concentrations. Prolonged
glucose incubation (15 h) further exacerbated Pax6os! and Pax6 cyto-
plasmic localisation (ns). Single molecule FISH on fixed pancreatic tissue
of C57BI6/J mice confirmed the enriched nuclear location of Pax6
mRNA (p =0.0015) while Pax6os1 was too weakly expressed for reliable
quantification. Removal of exon 1 plus ~600 bp upstream of Pax6os was
achieved in MING cells using to two gRNAs. The same system was used
to generate a Pax6osI null mouse line which will be subject to phenotypic
characterisation with the addition of diabetic challenge.

Conclusion: Our findings indicate that Pax6os! is a negative regulator of
Pax6 expression. Interestingly, Pax6 mRNA sequestration in the nucleus,
and Pax6os! action, thus appear to attenuate Pax6 expression and func-
tion in the {3-cell. Enhanced Pax6 function during hyperglycaemia may
facilitate a drift in (3-cell identity towards an «-cell fate.

Supported by: DUK

Disclosure: R.M. Callingham: None.
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Islet microRNA miR-183-5p is a regulator of beta cell apoptosis and
dedifferentiation in NOD mouse pancreatic islet

F. Mancarella’, G. Ventriglial, L. Nigi', G.E. Grieco!, N. Brusco', C.
Gysemansz, D. Cook?, C. Mathieu?, G. Sebastiani', F. Dotta';
'Diabetes Unit Department of Medical Science, Surgery and
Neuroscience, University of Siena, Italy; Umberto Di Mario Foundation
ONLUS, Toscana Life Sciences, Siena, Italy, 2Laboratory of
Experimental Medicine, University of Leuven, Leuven, Belgium.

Background and aims: MicroRNAs (miRNAs) are a class of small non
coding RNAs that negatively regulate gene expression. Several studies
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demonstrated that miRNAs could be involved in cell dedifferentiation
and apoptosis, as well as in pancreas development and 3 cell function,
and that their alteration may contribute to the development of type 1
diabetes. Aim of this study was to analyze the expression profile of
miRNAs in pancreatic islets of diabetic NOD mice, in order to gain
insight into their possible role in 3 cell damage.

Materials and methods: Expression profile of 384 miRNAs was ana-
lyzed using Tagman Array Microfluidic cards in islet endocrine tissue
collected using Laser Capture Microdissection (LCM) from NOD
SCID, NOD Normoglycemic and recent diabetic NOD mice (3 mice
per group). RT-PCR single assay validation on differentially expressed
microRNAs was also performed from the same mice as well as from
another cohort of n =5 NOD SCID, n =8 NOD Normoglycemic and
n =8 recent diabetic NOD mice. Additionally, NOD mouse pancreatic
islets were separately captured based on the degree of islet infiltration
(insulitis score) and analyzed for expression of miRNA and genes of
interest (respectively miR-183-5p, ALdh3al and Foxol). Finally, differ-
entially expressed miRNAs were modulated in MIN6 murine cell line for
48h and treated or not with a cytokine mix (IFNy, IL-13, TNF«) for 24h
in order to evaluate apoptosis (picnotic nuclei count) and miRNA target
genes expression.

Results: MiRNA expression profiling revealed a significant downregu-
lation (p < 0.05) of miR-183-5p in LCM-captured islets from NOD recent
onset diabetic vs normoglycemic and NOD SCID mice; this was con-
firmed by single assay analysis. Of note, miR-183-5p resulted downreg-
ulated (p <0.05) in heavily infiltrated islets vs low infiltrated islets,
highlighting that miR-183-5p reduced expression correlates to the degree
of'islet inflammation. Interestingly, in highly inflamed islets the reduction
of miR-183-5p was paralleled by a higher expression of dedifferentiation
marker Aldh3al as well as by a reduction of the differentiation marker
FOXOL, thus potentially linking miR-183-5p downregulation to an on-
going dedifferentiation process. In murine (3-cell line MIN6, miR-183-5p
inhibition significantly reduced cytokines-induced apoptosis (p < 0.001),
indicating that miR-183-5p could be able to modulate apoptotic mecha-
nisms under cytokine stress. Indeed, bioinformatic analysis of miR-183-
Sp target genes revealed the anti-apoptotic transcription factor Bach2,
whose expression was significantly higher (p < 0.05) in MING transfected
with miR-183-5p inhibitor. Of note, among miR-183-5p target genes, we
identified the epithelial-mesenchymal transition modulator Quaking, thus
supporting the hypothesis that (3-cells undergo dedifferentiation during
inflammation as a potential protective mechanism.

Conclusion: In conclusion, miR-183-5p reduction in NOD mouse pan-
creatic islets may contribute to beta-cell dedifferentiation and to protec-
tion from apoptosis, through the modulation of anti-apoptotic factor
Bach?2 and, potentially, Quaking.

Disclosure: F. Mancarella: None.
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Metabolic insufficiency caused by cellular stresses is implicated to
beta cell dedifferentiation in a mouse model of Wolfram syndrome
K. Shinoki-Amo', K. Tanabe', M. Hatanaka', H. Masutaniz, Y.
Tanizawa';

'Department of Endocrinology, Metabolism, Hematological Sciences and
Therapeutics, Yamaguchi University Graduate School of Medicine, Ube,
Tenri Health Care University, Tenri, Japan.

Background and aims: {3 cell failure is central in the pathogenesis of
both type 1 and type 2 diabetes. It results from reduced 3 cell mass and
function. Wolfram syndrome, caused by the WFS/ gene mutations, is
characterized by insulin dependent diabetes mellitus and optic atrophy.
Genetically determined pancreatic 3 cell loss results from augmented ER
and oxidative stresses. We investigated the contribution of these two
processes to 3 cell failure using mice lacking Wfs/.

Materials and methods: In vivo metabolic profile was assessed by stan-
dard methods. We used genetic lineage tracing to examine beta cell fate.

@ Springer

Pancreatic tissues obtained from various age of mice were stained by the
antibodies to Insulin, Glucagon, Somatostatin, MafA, Pdx 1, Neurogenin3
and so on. For islet studies, we assessed energy metabolisms and mito-
chondria function by metabolomics analysis and a use of extracellular
metabolic flux analyzer.

Results: In the Wfsl_/ ~ mice, 3 cells become dedifferentiated and revert
to endocrine progenitor-like cells expressing Neurogenin3. Lineage-
tracing experiments demonstrated that loss of 3 cells was mainly due to
(3 cell de-differentiation and that a subset of 3 cells takes « cell fate. Such
[3 cell plasticity appears after nursing, independently of hyperglycemia,
and becomes more apparent along with diabetes progression accompa-
nied with no significant increase in apoptosis. We have found that genetic
inhibition of Txnip, which is a stress response molecule involving in
various cellular processes, preserved 3 cell mass and maintained glucose
homeostasis in the Wfs/ "~ mice. This suggests its roles in the regulation
of 3 cell plasticity in the setting of Wfs/ deficiency. One clue to the
mechanisms underlying (3 cell dedifferentiation was the reduction of ace-
tyl-CoA, citrate and ATP content in the WfsI " islets. Although glycol-
ysis assessed by measuring extracellular acidification rate after glucose
loading was apparently decreased, metabolomics analysis revealed that
pyruvate and intermediate glycolytic products were apparently accumu-
lated. These abnormalities in glucose catabolic process were correlated
with an increase in phosphorylated pyruvate dehydrogenase (p-PDH).
Importantly, Txnip directly interacts with the both PDH kinase as well
as PDH, indicating its involvement in the regulation of PDH activity.
Indeed, islets of Wfs/ "~ mice lacking Txnipdemonstrated a robust reduc-
tion of phosphorylated PDH and a restoration of capabilities of ATP
production in response to glucose. Consistently, severely decreased gly-
colysis and oxygen consumption rate after glucose loading in W/~
islets were significantly reversed by Txnip deficiency.

Conclusion: These finding illustrate energy insufficiency associated with
impaired glucose catabolism in 3 cells under the chronic stress conditions
and suggest that 3 cells may possibly become dedifferentiated to adapt to
metabolic insufficiency caused by unresolvable stresses. This provides
new insights into molecular mechanisms underlying {3 cell loss in diabe-
tes related to cellular stresses, such as Wolfram syndrome.

Supported by: Grant-in-Aid for Scientific Research, Takeda Science
Foundation

Disclosure: K. Shinoki-Amo: Grants; a Grant-in-Aid for Scientific
Research (grant number 15K21198), a Junior Scientist Development
Grant supported by Novo Nordisk Pharma Ltd., Grants for young re-
searchers from the Japan Association for Diabetes Education and Care
and Banyu Life Science Foundation International.
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An islet gene expression module containing AldoB is correlated with
progression of hyperglycaemia and type 2 diabetes in humans

M. Ibberson', F. Burdet', K.-P. Knoch?, M. Barovic?, A. Dahl?, P.
Marchetti®, A. Schulte*, M. Solimena?;

Vital-IT, SIB Swiss Institute of Bioinformatics, Lausanne, Switzerland,
2TU Dresden, Dresden, Germany, 3 University of Pisa, Pisa, Italy, “Sanofi-
Aventis Deutschland GmbH, Frankfurt, Germany.

Background and aims: Surgical specimens of metabolically phenotyped
pancreatectomized patients (PPP) represent a novel source for studies on
pancreatic islets in health and type 2 diabetes (T2D). In this study we
sought to identify islet gene co-expression modules correlated with pro-
gression of hyperglycemia and T2D.

Materials and methods: Based on their medical history and preoperative
values for fasting glucose, HbAlc and OGTT 138 PPP were classified as
non-diabetic (ND, » = 18), impaired glucose tolerant (IGT, n =44), hav-
ing <1 year-long diabetes secondary to the pancreatic disease (T3cD, n =
37) or long standing (mean duration: 11 yrs) type 2 diabetes (T2D, n =
39), according to the ADA guidelines. Islets were retrieved from snap-
frozen surgical specimens by laser capture microdissection (LCM) and
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profiled by RNAseq. Weighted gene co-expression network analysis
(WGCNA) was performed on normalised count data to identify islet gene
co-expression modules, which were then correlated to available clinical
traits.

Results: A total of 40 gene co-expression modules were identified with a
mean size of 500 genes. Correlation of these modules to 25 clinical traits
led to the identification of a module of 78 genes that was the most strongly
correlated to HbA I ¢, fasting glucose, 1H glucose during OGTT and dia-
betes status. ALDOB, encoding Fructose-1,6-bisphosphate aldolase, was
the highest-ranking gene in this module in terms of intramodular connec-
tivity and HbAlc correlation and was the top “Hub” gene for this trait.
Other top-ranking “Hub” genes for HbAlc were involved with extracel-
lular matrix remodelling, lipid transport and metabolism.

Conclusion: We present an unsupervised analysis of islet gene expres-
sion data from the largest biobank of LCM surgical pancreas specimens to
date. Exploration of the islet gene co-expression module uncovers mech-
anisms of islet response to chronic elevated glucose in patients and/or islet
dysfunction in type 2 diabetes.

Supported by: EU-IMI IMIDIA, EU-IMI RHAPSODY, DZD e.V
Disclosure: M. Ibberson: None.
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Beta Cell and Diabetes Platform (BCDP): a sustainable solution for
IMI project data

1. Xenarios', R. Liechti', M. Gossel*, M. Solimena3, P. Marchetti*, A.M.
Schulte?, C. Magnans, C. Crucia.ni—Guglielmaccis, R. Scharfmann®, O.
Bernard-Poenaru’, D. Madsen®, B. Thorens’, P. Hecht’, W. Kramer'®, M.
Ibberson';

1Vital—IT, SIB Swiss Institute of Bioinformatics, Lausanne, Switzerland,
2Sanofi Deutschland, Frankfurt, Germany, 3TU Dresden, Dresden,
Germany, 4University of Pisa, Pisa, Italy, SParis Diderot University,
Paris, France, °®INSERM U1016, Paris, France, 'Servier, Suresnes,
France, $Novo Nordisk, Copenhagen, Denmark, 9University of
Lausanne, Lausanne, Switzerland, '°Biomedical and Scientific
Consulting, Mainz, Germany.

Background and aims: A wealth of data and results are collected by
projects funded by the Innovative Medicines Initiative and other EU
projects. Often though, once the project reaches completion the only
way to share knowledge is through publication, which only represent a
fraction of the total data and results generated. We aim to provide a
framework for sustainable access to IMI project data in the diabetes area.
Materials and methods: Data and results from the IMI1 project IMIDIA
are hosted at the Swiss Institute of Bioinformatics (SIB). Integrative anal-
ysis was performed during IMIDIA and made available through various
web tools for data exploration. Data from the project were converted into
a standardized format, Resource Description Framework (RDF) to enable
future interoperability with other resources. Clinical data were aligned
using CDISC standards. Web tools provide continued access to data
and results to BCDP consortium partners.

Results: BCDP so far contains islet gene expression, lipidomics and
clinical/phenotypic data derived from human organ donors and pancrea-
tectomized patients (N =498) and six metabolically challenged mouse
strains (C57BL/6, DBA2/J, 129S2, BALB/cJ, AKR and A/J) followed
over time. Patient parameters available include standard measures such as
age, gender, BMI and multiple functional parameters such as HbAlc,
GSIS and OGTT measurements. Available mouse phenotypes are
GSIS, OGTT, ITT and beta/alpha cell mass estimations. Web-based tools
are available to (i) query the human biobank for detailed patient/sample
information, (ii) analyse gene expression profiles across datasets and (iii)
analyse gene co-expression networks and their correlations to the differ-
ent clinical and functional parameters. For mouse, web-based tools are
available to (i) analyse how physiological measurements differ across
strains and diets over time, (ii) analyse how plasma and islet lipids chang-
es across strains and diets over time, (iii) analyse gene expression changes

induced by HF diet across strains and time-points, and (iv) analyse gene
co-expression networks and their correlations to physiological measure-
ments. Functionality also exists for cross-querying between human and
mouse: for example, genes selected through analysis of human data can
be used to directly query the mouse data or vice versa using orthology
relationships (NCBI Homologene).

Conclusion: The BCDP is the first fully funded sustainable platform for
an IMI diabetes resource. IMIDIA represents the cornerstone for the
BCDP. SIB is currently acting as data coordinator for several IMI projects
in the diabetes area and the plan is to include further interoperable datasets
in the future. The BCDP platform is already in use for the IMI2 project
RHAPSODY. This therefore represents an opportunity to provide sustain-
able access to multiple IMI projects whilst ensuring different access re-
strictions on these data due to ethical/legal constraints.

Supported by: EU-IMI IMIDIA, BCDP Consortium

Disclosure: 1. Xenarios: None.
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OP 13 GLP1 receptor agonists, SGLT2 inhib-
itors and the kidney: new lessons from large
clinical trials
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Cardiovascular safety and efficacy of exenatide once-weekly in pa-
tients with moderate renal dysfunction in the EXenatide Study of
Cardiovascular Event Lowering (EXSCEL)

A.F. Hernandez', M.A. Bethelz, G.L. Bakris3, P. Merrill], S.M.
Gustavson*, B.G. Katona*, P. Ohman®, Y. Lokhnyginal, R.J. Mentz',
R.R. Holman?, for the EXSCEL Study Group;

"Duke Clinical Research Institute, Durham, USA, *Diabetes Trials Unit,
Oxford, UK, 3University of Chicago Medicine, Chicago, USA,
4AstraZeneca, Gaithersburg, USA.

Background and aims: EXSCEL, a multinational, randomized, placebo-
controlled cardiovascular (CV) outcome trial of 2 mg once-weekly
exenatide added to usual care, demonstrated CV safety in patients with
type 2 diabetes (T2D) with or without previous CV disease. We report the
impact of exenatide on confirmed CV outcomes, all-cause mortality, and
key CV safety parameters according to baseline renal function (moderate
dysfunction [<60 mL/min/1.73 m?] and within Stage 3 [3a: €GFR 45-59
or 3b: 30-44 mL/min/1.73 m?] chronic kidney disease).

Materials and methods: For the subgroups by baseline renal function,
Cox proportional hazards models were fit to the time to first event of the
three-component major adverse CV event (MACE-3) composite outcome
(death from CV causes, nonfatal myocardial infarction, or nonfatal
stroke). Secondary outcomes were time to all-cause mortality, death from
CV cause, nonfatal or fatal myocardial infarction, nonfatal or fatal stroke,
hospitalization for heart failure, and hospitalization for acute coronary
syndrome.

Results: Of 14,752 patients in the ITT population, 3191 (22%) had eGFR
<60, 2288 (16%) had eGFR 45-59 and 889 (6%) had eGFR 30-44 mL/
min/1.73 m. Participants with moderate renal dysfunction had a higher
mean age (67 vs 61 years) and longer duration of T2D (median [IQR] 14
[9,21] vs 11 [6, 17] years). In univariate subgroup analyses, there was no
significant interaction between randomized treatment and renal function,
either based on eGFR thresholds (+60 mL/min/1.73 m?; p for interac-
tion =0.12) or on CKD stages (p for interaction =0.51). In those with
eGFR <60 mL/min/1.73 m?, first MACE-3 events occurred in 283
(18.1%) participants in the exenatide group and 284 (17.5%) in the pla-
cebo group (hazard ratio [HR] 1.01, 95% C1 0.86-1.19). HR and 95% CI
for other important CV outcomes are shown in the Table.

Conclusion: In patients with moderate renal dysfunction, 2 mg once-
weekly exenatide had a neutral impact on CV outcomes. In univar-
iate analyses unadjusted for multiplicity, modest risk reductions
were seen with exenatide in those with baseline eGFR >60 mL/
min/1.73 m? for MACE-3, all-cause mortality, CV death and fatal
or non-fatal stroke.

Table. Hazard ratio (HR} and 95% confidence interval (CI) for CV outcomes for allocation to 2mg once-weekly exenatide compared with placebo, according
to baseline renal function

eGFR MACE-3 CV Death F/NFMI
mL/min/1.73m’ HR R HR HR HR
(95%€1) (95%C1) (95%Cl) (95%C1) (95%C1) (95%C1) (95%C1)
0.86 077 €97 7
(064,093)
1.10

F/NF stroke ACM HF ACS
HR

260

(n=11,514)

<60

(n=3191) (0.86,1.19)
Stage 32:45-59 097
(n=2288) (0.79,1.20)
Stage 3b: 3044 E E ¥
(n=889) (0.84,1.47) (0.79,1.75) (0.69,1.41) (0.57,2.01) (0.73, 1.40)

MACE-3: composite of death from cardiovascular causes (CV death), nonfatal myocardial infarction (MI), nonfatal stroke.

F: fatal. NF: nonfatal. ACM: all- cause mortality. HF: for heart failure. ACS: for acute coronary syndrome

X 074 0.78 084 1.07
(0.77,097) (058,093) (0.67,091) (066,1.07) (0.93,1.23)
101 117 [ 1.08 1.00

(083,1.14)
3

9t
(0.86, 1.40) (0.77,1.18) (0.81,1.44)

101
(0.82,167) (0.83,1.23) (0.82,1.22)
1 0; 1

030 .02
(055, 1.16) (0.80,1.31)
180
(1.12, 2.90)

1.05 €95 23 101
(077,143 (0.73,1.25) (0.79,1.90) (0.79,130)

(0.71, 1.41)

Clinical Trial Registration Number: NCT01144338

Supported by: AstraZeneca (Gaithersburg, MD)
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Liraglutide reduces major cardiovascular events in patients with
chronic kidney disease: results from the LEADER trial

N. Poulterl, J. Mannz, V. Fonseca3, 0. Mosenzon4, I Raz4, H. Frimer-
Larsen’, B. von Scholten®, T. Idorn®, on behalf of the LEADER Trial
Steering Committee and Investigators;

1lmperial College London, London, UK, 2KH Kidney Center, Munich,
Germany, 3Tulane University Health Sciences Center, School of
Medicine, New Orleans, USA, “Hadassah Hebrew University Hospital,
Jerusalem, Israel, *Novo Nordisk A/S, Seborg, Denmark.

Background and aims: People with type 2 diabetes (T2D) and chronic
kidney disease (CKD) are at high risk of cardiovascular (CV) events. We
analysed the effect of liraglutide vs placebo (PBO) on CV outcomes in
patients with T2D and CKD in the LEADER trial.

Materials and methods: LEADER was a randomised, double-blind,
multicentre, CV outcome trial with liraglutide 1.8 mg/day vs PBO, both
in addition to standard of care for 3.5-5 years, in 9340 patients with T2D
and high CV risk. The primary composite outcome was defined as first
occurrence of death from CV causes, non-fatal myocardial infarction, or
non-fatal stroke. The expanded composite CV outcome additionally in-
cluded coronary revascularisation, and hospitalisation for unstable angina
pectoris or hospitalisation for heart failure (HF). In this analysis, CV
outcomes were assessed in patients with CKD based on estimated GFR
(eGFR) (<60 and >60 mL/min/1.73 m2) and on albuminuria (>30 mg/g:
micro/macroalbuminuria and <30 mg/g: normoalbuminuria).

Results: The mean eGFR in patients with baseline eGFR <60 (n =2158)
and >60 mL/min/1.73 m? (n = 7182) was 45.7 10.9 and 90.8 £ 21.6 mL/
min/1.73 m?, respectively. Versus PBO, liraglutide was associated with
reductions in the risk of the primary composite outcome: HR 0.69 (CI
0.57;0.85) for the eGFR <60 subgroup and HR 0.94 (C10.83; 1.07) in the
eGFR >60 subgroup. Equivalent reductions in the expanded composite
CV outcome were observed (Figure). In the eGFR <60 mL/min/1.73 m?
subgroup, liraglutide significantly reduced the risk of CV death, non-fatal
stroke and hospitalisation for HF vs PBO (Figure). Liraglutide also re-
duced the risk of the primary composite outcome, the expanded compos-
ite CV outcome and CV death in the micro/macroalbuminuria subgroup
vs PBO (Figure).

Conclusion: In LEADER, there was a significant reduction of major CV
events in patients with CKD.
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Hazard ratio Interaction

[95% CI] P value

Primary CV outcome — : 0.87 [0.78;0.97

eGFR <60 mL/min/1.73 m? —_— 0.69[0.57;0.85 0.0117
eGFR 260mL/min/1.73 m? — 0.94[0.83;1.07] ™
Micro+macroalbuminuria —_— 0.83[0.71;0.97 0.3580
Normoalbuminuria —|—:— 0.92[0.79;1.07] ™
Extended CV outcome -+ 0.88 [0.81;0.96]

eGFR <60 mL/min/1.73 m? —_—— 0.7410.63;0.88] 0.0218
€GFR 260mL/min/1.73 m? — 0.93[0.84;1.04]
Micro+macroalbuminuria —_— 0.84[0.74;0.96 03118
Normoalbuminuria —l—:— 092[0.82,1.04) ™

CV death —_—— 0.78 [0.66;0.93

eGFR <60 mL/min/1.73 m? —— : 0.67 [0.50;0.90: 0.2446
eGFR 260mL/min/1.73 m? —— 0.84[0.67;1.05]
Micro+macroalbuminuria —_— 0.7210.57;0.92] 04603
Normoalbuminuria —_—l 0.83[0.64;1.08]
Non-fatal myocardial infarction — 0.88 [0.75;1.03

eGFR <60 mL/min/1.73 m? — 0.74[0.55;0.99 01934
eGFR 260mL/min/1.73 m? —_—rr 093[0.77:1.13]
Micro+macroalbuminuria —_— 0.80[0.63;1.01 04811
Normoalbuminuria — 1.00[0.80;1.24]
Non-fatal stroke —_— 0.89 [0.72;1.11]

eGFR <60 mL/min/1.73 m? ——— : 0.5110.33;0.80] 0.0043
eGFR 260mL/min/1.73 m? —_— 1.07[0.84,1.37)
Micro+macroalbuminuria —_—— 0.891[0.65;1.23 0.8230
Normoalbuminuria —_— 0.94[0.70;1.26] ™
Coronary revascularisation — 0.91[0.80;1.04

eGFR <60 mL/min/1.73 m? —I—{— 0.8210.61;1.10: 04230
eGFR 260mL/min/1.73 m? —_—r 0.94[0.81;1.09] ™
Micro+macroalbuminuria —_— 0.86 [0.70;1.07] 04775
Normoalbuminuria —_—— 095[0.80;1.14]
Hospitalisation for unstable '
angina pectoris —0:— 0.98 [0.76;1.26]

eGFR <60 mL/min/1.73 m? + T 0.821[0.47;1.43 04673
eGFR 260mL/min/1.73 m? —_— 1.03[0.78;1.36)
Micro+macroalbuminuria —_— 0.73[0.47;1.12 01053
Normoalbuminuria —_—t—1.13[0.83;1.54] ™
Heart failure —_— 0.87[0.73;1.05]

eGFR <60 mL/min/1.73 m? —— 0.72[0.54;0.96] 041290
eGFR 260mL/min/1.73 m? —_— 0.96[0.76;1.21] ™
Micro+macroalbuminuria —_— 0.97 [0.76:1.24] 9796
Normoalbuminuria —_— 0.79[0.60;1.05] ™

I 1 1 i 1 T 1
04 06 08 1 12 14 16

Hazard ratio
Favours liraglutide <——— ——> Favours placebo
9137 patients had albuminuria at baseline; only those with a baseline measurement are
included in the albuminuria group.

Clinical Trial Registration Number: NCT01179048
Supported by: Novo Nordisk A/S
Disclosure: N. Poulter: Other; Support: Novo Nordisk A/S.
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Canagliflozin and cardiovascular outcomes in patients with chronic
kidney disease

V. Perkovic', B.L. Neuen', T. Ohkuma', B. Neal', D.R. Matthews?, D.
de Zeeuw?, K.W. Mahaffey4, G. Fulcher’, M. Desai®, Q. Li', H. Deng(’,
N. Rosenthal®, M. Jardine', G. Bakris’;

"The George Institute for Global Health, Sydney, Australia, 20xford
Centre for Diabetes, Endocrinology and Metabolism and Harris
Manchester College, University of Oxford, Oxford, UK, 3University of
Groningen, University Medical Center Groningen, Groningen,
Netherlands, “Stanford Center for Clinical Research, Department of
Medicine, Stanford University School of Medicine, Stanford, USA,
SRoyal North Shore Hospital, Sydney, Australia, ®Janssen Research &
Development, LLC, Raritan, USA, 7University of Chicago Medicine,
Chicago, USA.

Background and aims: SGLT2 inhibitors are approved for glucose low-
ering in type 2 diabetes (T2DM) and have proven cardiovascular (CV)
benefits, but are not approved for people with significantly reduced kid-
ney function as glycaemic efficacy is dependent on glomerular filtration.

This analysis of the CANagliflozin cardioVascular Assessment Study
(CANVAS) Program assessed effects of canagliflozin on CV outcomes
in patients with T2DM and established CV disease or >2 CV risk factors
according to baseline kidney function.

Materials and methods: The primary outcome of the CANVAS
Program was the composite of CV death, nonfatal myocardial infarction,
and nonfatal stroke (major adverse cardiovascular events [MACE]). The
primary outcome and other CV outcomes were assessed in participants by
baseline estimated glomerular filtration rate (eGFR; <45, 45—<60, 60—
<90, and >90 ml/min/1.73 mz). Incidence rates, hazard ratios (HRs),
and 95% confidence intervals (CIs) were calculated for each outcome.
Results: The CANVAS Program included 2039 patients (20.1%) with
baseline eGFR <60 ml/min/1.73 m? (mean age 68 y, BP 138/76 mmHg,
HbAlc 8.3%, eGFR 49 ml/min/1.73 m?, median urinary
albumin:creatinine ratio 22 mg/g). Effects of canagliflozin on HbAlc
and body weight were smaller in patients with eGFR <60 vs >60 ml/
min/1.73 m? (—0.43 vs —0.64%, P-heterogeneity <0.0001, and —1.16 vs
—1.43 kg, P-heterogeneity = 0.0002), but BP effects were similar (—3.89
vs —4.11 mmHg, P-heterogeneity = 0.21). Relative effects on the primary
and most other CV outcomes were similar across four eGFR subgroups,
with possible heterogeneity suggested only for the exploratory outcome
of stroke (Figure). Results for almost all safety outcomes were also con-
sistent across eGFR subgroups.

Conclusion: Despite smaller glycaemic effects in people with reduced
eGFR, the cardioprotective benefits of canagliflozin are similar across
different levels of kidney function.

Figure. Cardiovascular outcomes in participants by baseline eGFR (eGFR <45, 45-<60, 60-<90, and 290 mi/min/1.73 m?).

Outcome €GFR  Canaglifiozin Placebo Hazard ratio (95%Cl) Inte-action p value
No. events per 1000 patients/yr

MACE Al 269 315 B3 0.86(0.75-0.97) 033

<45 447 633 —0— 0.65(0.41-1.03)

45-60 332 444 —0— 0.71(0.53-0.95)

60-<90 268 290 B=2 0.95(0.80-1.13)

200 208 236 —0 0.84(0.62-1.13)
CV death Al 16 128 . 0.87(0.72+1.06) 053

<45 295 302 —— 1.01(0.57-1.81)

45-<60  19.4 186 —0— 0.94(0.62-1.42)

60-<90 107 13 0 093(0.72-1.22)

200 64 96 —0— 0.60(0.37-0.97)
Fztalnon-fatal Al 1.2 126 s ol 0.89(0.73-1.09) 0.08
M <45 136 233 —— 0.49(0.22-1.07)

45-60 128 180 —0— 0.65(0.41-1.04)

60-<90 121 1.0 —=O0— 1.14(0.87-1.49)

200 80 106 —o— 0.72(0.46-1.13)
Fatalinon-fatal Al 79 96 e 087 (0.69-1.09) 0.0°
stioke @5 52 168 +————O— 0.32(0.11-0.96)

45-60 7.1 135 —— 0.56(0.31-1.00)

60-<90 7.7 93 —0 0.89(0.65-1.21)

200 95 66 —— 1.42(0.86-2.36)
Hospitalisation Al 55 87 —— 0.67(0.52-0.87) 062
forheartfailure <45 169 343 —a0— 0.45(0.23-0.88)

45-<60 96 165 —a— 0.62(0.37-1.03)

60-<90 46 6. —0— 0.76(0.52-1.12)

200 37 54 —_—— 0.76(0.40-1.47)

01 0s 10 25

—
Favours canagifiozin ~ Favours placebo

MACE: major adverse cardiovascular event; CV: cardiovascuiar; MI, myocardial infarction; 6GFR: fitration rate; CI

Clinical Trial Registration Number: NCT01032629, NCT01989754
Supported by: Janssen Global Services, LLC

Disclosure: V. Perkovic: Grants; Australian National Health and Medical
Research Council (Senior Research Fellowship and Program Grant). Lecture/
other fees; AbbVie, Astellas, AstraZeneca, Bayer, Baxter, Bristol-Myers
Squibb, Boehringer Ingelheim, Durect, Eli Lilly, Gilead, GlaxoSmithKline,
Janssen, Merck, Novartis, Novo Nordisk, Pfizer, Pharmalink, Relypsa,
Roche, Sanofi, Servier. Other; AbbVie (steering committee), Boehringer
Ingelheim (steering committee), GlaxoSmithKline (steering committee),
Janssen (steering committee), Pfizer (steering committee).
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Lesser eGFR decline with dulaglutide regardless of weight changes in
people with type 2 diabetes and moderate to severe chronic kidney
disease (AWARD-7)

K.R. Tuttle!, M.C. Lakshmanan®, B. Rayner3, R.S. Busch*, A.G.
Zimmermann?, D.B. Woodward?, F.T. Botros’;
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Background and aims: Body weight (BW) changes may affect mus-
cle mass and thus creatinine (Cr) levels. Estimating glomerular fil-
tration rate (éGFR) by Cr-based equations may not accurately reflect
changes in kidney function when BW changes. While muscle mass
changes affect serum Cr levels, cystatin C is not affected by muscle
mass changes. Dulaglutide (DU) treatment was associated with BW
loss and lesser eGFR (Cr-CKD-EPI) decline in people with type 2
diabetes (T2D) and moderate to severe chronic kidney disease
(CKD) compared to insulin glargine (IG) (Table). The aim was to
evaluate if the lesser eGFR decline observed with DU is related to
BW loss.

Materials and methods: Changes in eGFR were evaluated at the end of
the treatment period (52 weeks) with Cr-based equations (MDRD, CKD-
EPI) and cystatin C-CKD-EPI equation. Creatinine clearance (CrCL) was
evaluated with the Cockcroft-Gault equation. Pearson correlation analysis
was used to determine the relationship between change in body weight
and changes in serum Cr, cystatin C, or eGFR.

Results: Baseline characteristics were similar between treatments ([mean
+ SD] eGFR (Cr-CKD-EPI): 38.3 £ 12.8 mL/min/1.73 m?, HbA | 8.6 +
1.0%, age: 64.6£8.6 y, T2D duration: 18.1 +£8.7 y). All equations con-
sistently show that eGFR remained stable with DU, but significantly
decreased with IG regardless of BW loss in DU or gain in IG (Table).
Since BW is a factor in CrCL calculations, compared to eGFR equations,
BW loss in DU led to bias toward greater reductions in CrCL. This bias
disappeared when using lean BW (Table). Overall, there were no corre-
lation between changes in body weight and changes in serum creatinine
(r=-0.006, n =473, p =0.904), serum cystatin C (»r=-0.056, n =470,
p =0.224), or eGFR (Cr-CKD-EPI [r=-0.074, n =473, p =0.106],
cystatin C-CKD-EPI [r=-0.041, n =471, p =0.379)).

Conclusion: In conclusion, compared to IG, DU was associated with
lesser eGFR decline in people with T2D and moderate to severe CKD
regardless of BW changes.

Table. Effects of dulaglutide and glargine on body weight, eGFR, and creatinine clearance in the
study participants at 52 weeks

Treatment " Creatinine clearance
Group Body weight 8GFR (mLimin/1.73 frf) (CrCL) (mL/min)
(kg) CKD-EPI CKD-EPI MDRD Total body | Lean body
cystatin-C creatinine creatinine | weight (kg) | weight (kg)
DU 1.5mg =27+ -0.7% -1.1 -0.4* -2.0* -0.8%
(-3.58,-1.75) | (-2.5,1.0) (-2.4,0.2) (1.8,1.0) | (-3.7,-02) | (-1.9,0.3)
DU 0.75 mg B e -0.7% -1.5* -1.3 -2.9* -1.6*
(-2.59,-0.83) | (-2.4,1.1) (-2.8,0.2) (27,01) | (-46,-1.1) | (-27,-05)
(e} 1.6** -3.3* 2.9 -2.5** -2.9* -2.4*
(0.73,2.41) | (-5.1,-1.6) (4.2,-1.6) (-39-1.1) | (4.6-1.1) | (-35-1.4)
Data presented as change from baseline LSM (95% Cl); safety population. *2-sided p < 0.05 and **2-
sided p < 0.001 change from baseline, #2-sided p < 0.05 and **2-sided p < 0.001 versus insulin glargine.
Abbreviations: Cl=confidence interval; CKD=chronic kidney disease; Cr=creatinine; DU=dulaglutide;
eGFR=estimated glomerular filtration rate; IG=insulin glargine; LSM=least squares mean

Pharmacy and Pharmacology, University of Groningen, Groningen,
Netherlands, *Sanofi, Bridgewater, NJ, USA, ‘BDM Consulting,
Somerset, USA.

Background and aims: Limited data exist on the long-term effects of
glucagon-like peptide-1 (GLP-1) receptor agonists on kidney function
and albuminuria in type 2 diabetes (T2D).

Materials and methods: This was a post hoc analysis of ELIXA,
which was a study of cardiovascular safety of lixisenatide (Lixi) vs
placebo over a median follow-up of 25 months in 6068 patients with
T2D and an acute coronary event <180 days before screening. A
mixed-effect model with repeated measures for comparisons between
treatment groups of changes in urine albumin-to-creatinine ratio
(UACR) was performed. The estimated glomerular filtration rate
(eGFR, per the 4-variable modification of diet in renal disease for-
mula) and UACR by baseline albuminuria status were assessed. A
Cox proportional hazards model adjusted for baseline and on-trial
HbA,. was used to estimate the incidence of macroalbuminuria in
patients without macroalbuminuria at baseline.

Results: Slower progression of UACR was seen with Lixi vs placebo. In
the mixed-effect model, the interaction between treatment and baseline
UACR categories was significant (p < 0.01). UACR percent change from
baseline was lower for Lixi vs placebo in patients with micro- or
macroalbuminuria (Table). In the Cox proportional hazards model, Lixi
was associated with a 23% lower risk for first macroalbuminuria event in
patients without baseline macroalbuminuria (HR 0.77; 95% CI: 0.62,
0.96; p =0.0174). eGFR was not significantly different for Lixi vs place-
bo overall or by baseline albuminuria status.

Conclusion: In patients with T2D and a recent acute coronary event, the
renal benefit of Lixi was beyond glycaemic control. Lixi reduced UACR
progression in patients with baseline micro- or macroalbuminuria and
was associated with lower incidence of macroalbuminuria.

Table. Change in UACR from baseline to Week 108 in the ELIXA trial according
to baseline albuminuria status (ITT population)

Placebo Lixi

BL Week 108 BL |Week 108

81247 |113£118|82248115% 11§
UACR  SD, mg! i 3 G -
ia 9’9 (n=2191) | (n=1101) |(n=2250)| (n=1110)
46.0 £4.0 443139

-1.7£5.2 (-11.9, 8.5); p=0.7424

(BL UACR <30 mg/g) [Percent change from BL & SE, %*

Difference + SE (95% Cl), %'

765+ 856+ | 736+ | 626%
Microalbuminuria UACR # SD, mglg 48.6 117.4 47.2 94.2
(BL UACR 230 mg/g to (n=596) | (n=280) | (n=552) | (n=239)

o
<300 mglg) Percent change from BL * SE, % 148186 64176
Difference + SE (95% Cl), %" -21.1 £ 10.8 (-42.3, 0.0); p=0.0505
9303+ | 960.8% |959.2% | 577.8%

_— UACR # SD, mg/g 809.5 13125 | 8583 | 955.2
Macroalbuminuria (n=207) (n=87) (n=182) | (n=76)
(BL UACR 2300 mg/g) |Percent change from BL # SE, %* 11.0£ 145 -31.6+9.7

Difference + SE (95% Cl), %"

All data are geometric means unless stated otherwise

*Percent change from BL and between treatment group dif were with log- UACR values
using the MMRM with treatment (Lixi. placebo), visit (Weeks 24, 76. and 108). region, intake of ACE inhibitors at BL (ves or
no) and intake of ARB at BL (yes or no) as fixed effects, and both treatment and BL UACR by visit interaction. Results in

—42.6 + 16.6 (~75.0, —10.2); p=0.0084

the log scale were back: to provide the esti of the ic means
tLixi vs placebo; calculated based on estimates from the MMRM
i il ptor blocker; BL ine; ITT=intent-to-treat; ffect model with repeated measures;

error

Clinical Trial Registration Number: NCT01621178

Supported by: Eli Lilly and company
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Company, Boehringer Ingelheim, Astra Zeneca, Gilead.
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Lixisenatide and renal outcomes in patients with type 2 diabetes: a
post-hoc analysis of the ELIXA trial
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Semaglutide treatment and renal function in the SUSTAIN 6 trial
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Background and aims: Semaglutide is a glucagon-like peptide-1
analogue for the once-weekly treatment of type 2 diabetes (T2D).
Semaglutide demonstrated superior glycaemic control and body
weight loss vs placebo and active comparators across the
SUSTAIN phase 3a clinical trial programme. SUSTAIN 6 was a 2-
year cardiovascular (CV) outcomes trial conducted in 3,297 subjects
with T2D at high risk for CV events that compared subcutaneous
semaglutide 0.5 mg or 1.0 mg once weekly vs placebo. The results
showed that semaglutide-treated subjects had a significant 26% low-
er risk of major adverse CV events (MACE: a primary composite
outcome of non-fatal myocardial infarction, non-fatal stroke or CV
death) vs those receiving placebo over 2 years (hazard ratio [HR],
0.74; 95% confidence interval [CI], 0.58;0.95). This post hoc anal-
ysis assessed the effect of semaglutide on renal function and renal
adverse events (AEs) by baseline estimated glomerular filtration rate
(eGFR [Modification of Diet in Renal Disease model; MDRD]) in
SUSTAIN 6.

Materials and methods: Changes in renal function, urine albumin-to-
creatinine ratio (UACR) and acute renal AEs were assessed in sub-
jects categorised by baseline ¢GFR (mL/min/1.73 m?: normal [>90],
mild impairment [<90], moderate impairment [<60] and severe im-
pairment [<30]).

Results: Overall, mean eGFR decreased from baseline to week 104
across all treatment groups and subgroups. The largest decreases
were in subjects with normal renal function: —9.6 vs —7.4 mL/min/
1.73 m? with semaglutide 0.5 mg vs placebo and —8.6 vs —6.5 mL/
min/1.73 m? with semaglutide 1.0 mg vs placebo, respectively. The
corresponding changes in eGFR from baseline were —4.8 vs —4.2 mL/
min/1.73 m? and —3.2 vs —5.6 mL/min/1.73 m? for subjects with mild
renal impairment; —2.1 vs —4.8 mL/min/1.73 m? and —2.4 vs
—4.2 mL/min/1.73 m? for subjects with moderate renal impairment;
and —4.1 vs —1.8 mL/min/1.73 m? and —0.5 vs —2.6 mL/min/1.73 m?
for subjects with severe renal impairment. UACR decreased with
increasing renal impairment with semaglutide 1.0 mg, but not with
other treatment groups (Table). The number of AEs related to acute
renal failure was generally higher in subjects with greater renal im-
pairment at baseline, except with semaglutide 0.5 mg. The proportion
of subjects experiencing new or worsening nephropathy was lower
with both semaglutide doses vs placebo: 36/826 (4.4%) vs 54/824
(6.6%) with semaglutide 0.5 mg, and 23/822 (2.8%) vs 45/825
(5.5%) with semaglutide 1.0 mg. The majority of this was due to
reductions in persistent macroalbuminuria: 22 (2.7%) vs 42 (5.1%)
and 19 (2.3%) vs 38 (4.6%), respectively.

Conclusion: No renal-related safety issues were observed with
semaglutide regardless of baseline renal function in SUSTAIN 6.

Table. UACR (change from baseline to week 104) and renal-related safety endpoints (week 104) stratified by
baseline renal function in the SUSTAIN 6 trial

Semaglutide 0.5 mg

UACR, mg/mmol [SD]
Normal -5.8[61.6] 191  4.7[59.1] 196
-3.2[40.5] 267  -1.0(43.2] 261

Moderate -9.2(73.4] 195 123([1141] 171
0.5[132.8] 20 -43.3(157.0] 28

-0.8[159] 206  5.1[52.2] 200
-4.7[36.8] 287  3.2[36.4] 272
-4.9(64.2] 168  5.4(73.5] 173
-56.0[239.2] 25 -16.0(192.3] 31

Normal 2(08)[0.4] 247 10(4.1)[26] 242 5(2.0)[1.1] 245  7(28)[14] 253
il 26 (8.0)[4.9] 327 23(6.9)(4.5] 335 16 (4.5)[3.4] 357 25(72) [4.6] 347
37(16.2) [11.5] 228 25 (11.7)(7.6] 16 (8.3) [5.8] 24 (12.5) [7.7)

Clinical Trial Registration Number: NCT01720446

Supported by: Novo Nordisk A/S research support

Disclosure: R. Silver: Employment/Consultancy; Novo Nordisk,
Foundation Medical Partners. Lecture/other fees; Novo Nordisk,
AstraZeneca, Lilly.
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Superior efficacy of insulin degludec/liraglutide vs insulin glargine as
add-on to sodium-glucose co-transporter-2 inhibitor in patients with
type 2 diabetes: DUAL IX trial

A. Philis-Tsimikas', L.K. Billings>*, R. Busch®, C. Morales Portillo®, R.
Sahay(’, N. Halladin’, R. Gronskyte7, S. Harris®;

1Scripps Whittier Diabetes Institute, San Diego, USA, ?NorthShore
University HealthSystem, Evanston, USA, 3 University of Chicago
Pritzker School of Medicine, Chicago, USA, 4Albany Medical Centre,
Albany Medical Centre, USA, 5Hospital Virgen Macarena, Seville,
Spain, %Osmania Medical College, Hyderabad, India, "Novo Nordisk,
Seborg, Denmark, SWestern University, London, Canada.

Background and aims: The DUAL IX study investigated the safety and
efficacy of insulin degludec/liraglutide (IDegLira) versus insulin glargine
100 units/mL (IGlar U100) as an add-on to sodium-glucose co-
transporter-2 inhibitor (SGLT2i) + other oral antidiabetic drug therapy
(OAD) in patients with type 2 diabetes (T2D).

Materials and methods: In this 26-week, phase 3b, open-label trial, 420
patients with T2D uncontrolled on SGLT2i + other OADs were
randomised 1:1 to receive add-on therapy of IDegLira or IGlar U100
(100 units [U]/mL). Starting doses were 10 U in both treatment arms.
Doses were titrated twice-weekly to a fasting glucose target of 4.0—
5.0 mmol/L; only IDegLira had a maximum dose (50 dose steps).
Analysis values for HbA ., body weight and insulin dose based on anal-
ysis of covariance model with treatment, pre-trial OAD and region as
factors and corresponding baseline value as covariate; missing data are
imputed using unconditional reference-based multiple imputation includ-
ing data obtained after premature treatment discontinuation. Number of
hypoglycaemic episodes were analysed by negative binomial regression
model with a log link and the logarithm of the exposure time +7 days as
offset; the model includes treatment and pre-trial OAD as fixed factors
and missing data are imputed using multiple imputation. Hypoglycaemia
defined as severe (requiring the assistance of another person) or blood
glucose-confirmed (<3.1 mmol/L) symptomatic hypoglycaemic
episodes.

Results: Mean HbA . decreased from 8.2% at baseline to 6.3% at week
26 for IDegLira and from 8.4 to 6.7% for IGlar U100; IDegLira superi-
ority confirmed (p <0.0001). IDegLira treatment resulted in unchanged
mean body weight versus 2.0 kg weight gain with IGlar U100 (p <
0.0001). The rate of treatment-emergent hypoglycaemic episodes was
58% lower (p = 0.0035) with IDegLira (0.37 events/patient-year of expo-
sure [PYE]) versus IGlar U100 (0.90 events/PYE). Total daily insulin
dose after 26 weeks was 36 U for IDegLira versus 54 U for IGlar U100
(p <0.0001). Adverse event rates were low in both treatment arms with
no unexpected safety issues.

Conclusion: Superiority of IDegLira versus IGlar U100 as an add-on to
SGLT2i was confirmed for glycaemic control, body weight,
hypoglycaemia rate and total daily insulin dose.

@ Springer
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DUAL IX trial ) o o Conclusion: BRIGHT showed that Gla-300 provides similar glycaemic
:]:th::gt(e);r;rlii;A1= and mean body weight, hypoglycaemic episodes and total daily insulin dose control to IDeg-100, with less or comparable hypoglycaemia, in previ-

ously inadequately controlled, insulin-naive adults with T2DM.
IDegLira | IGlar U100 | Treatment Contrast [ p-value y 4 Y
(n=210) (n=210) [95% CI]
Table. Key efficacy and safety results for Gla-300 vs IDeg-100, over the 24-week on-treatment period
HbA,, % (SD) Baseline | 8.2(0.9) 84(1.1) - - T it
ER eg-
EOT 6.3(0.8) 6.7(0.8) - = Efficacy (Tt N=462 N=462
HbA, % Baseline 8.72+0.83 8.57+0.80
_ Week 24 7.030.79 7.03£0.77
a fro'r' -1.9(1.0) [ -1.7(1.1) %2% 0(')3;1 <0.0001 LSer:ean change (baseline to week 24) + SE -1.64+004 -1.5940.04
baseline [-0.50; -0.21] LS mean difference (95% CI) ~0.05 (-0.15 to 0.05)*
Mean body weight Baseline | 89.3(17.6) | 87.2(17.2) = — Fasting SMPG**, mmol/! Baseline 99423 9.5%2.1
2 Week 24 64+13 63£12
kg (SD) EOT 89 4 (1 7 8) 89 5 (17 8) o - LS mean change (baseline to week 24) + SE -3.2+0.1 -3.3%+01
- . . . LS mean difference (95% CI) 0.06 (-0.11t00.23)
A fro|.n -00(38) 20(3.9) ETD ._1 92 <0.0001 Safety parameters (safety population) N=462 N=462
baseline [-2.64;-1.19] Confirmed (<3.9 mmol/}j or Incidence, n (%) 307 (66.5) 319 (69.0)
hypoglycaemi 5
Hypoglycaemic episodes, 037 0.90 ERR 0.42 035 st el OR (95% CI) » 0.8 (0.66to 1.17)
epiSOdeIPYE . g [023Y 075] o Rate, events (events/participant-year) 1969 (9.34) 2258(10.83)
RR (95% C1) 0.86(0.81t0 0.92)
Total daily insulin dose at EOT, ETD -15.37 Nocturnal (00:00-05:59 h) Incidence, n (%) 132(28.6) 133 (28.8)
Ulday (SD) 3%62(134) | 535(26.1) [-19.60; -11.13] <0.0001 confirmed (3.9 mmol/l) or OR (95% CI} 0.99 (0.74t0 1.32)
severe —
A, change; ETD, estimated treatment difference; EOT, end of trial; ERR, estimated rate ratio; HbA, , glycated haemoglobin; Eate; events events/pardicoantyeal) el 2k
IDegLira, insulin degludec/iraglutide; IGlar U100, insulin glargine 100 units/mL; PYE, patient-year of exposure; U, units RR{jss%cl) 0:81,(0-/8165/092)
AE/
serious treatment-emergent AE, 43.7/5 47.8/43
%

Clinical Trial Registration Number: NCT02773368

Supported by: Novo Nordisk A/S
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Similar glycaemic control and less or comparable hypoglycaemia
with insulin glargine 300 U/ml vs degludec 100 U/ml in insulin naive
type 2 diabetes: the BRIGHT randomised study

A. Chengl, J. Rosenstock?, R. Ritzel®, Z. Bosnyak“, C. Devisme’, P.
Stella®, A.M.G. Cali’, X. Wangs, J. Frias®, R. Roussel'®, G.B. Bolli'';
"Division of Endocrinology and Metabolism, University of Toronto,
Toronto, Canada, ’Dallas Diabetes Research Center at Medical City,
Dallas, USA, *Klinikum Schwabing and Klinikum Bogenhausen,
Stadtisches Klinikum Miinchen GmbH, Munich, Germany, “Sanof,
Paris, France, AIXIAL, Boulogne-Billancourt, France, %Sanofi,
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“National Research Institute, Los Angeles, USA, 107 ssistance Publique
Hoépitaux de Paris, Bichat Hospital, Paris, France, 11Perugia University
Medical School, Perugia, Italy.

Background and aims: BRIGHT is the first head-to-head clinical trial
investigating the efficacy and safety of insulin glargine 300 U/ml (Gla-
300) vs insulin degludec 100 U/ml (IDeg-100).

Materials and methods: In this 24-week, multinational, open-label,
parallel-group, treat-to-target trial, 929 insulin-naive adults with
type 2 diabetes (T2DM) inadequately controlled with oral
antihyperglycemic drugs + glucagon-like peptide-1 receptor ago-
nists, were randomised 1:1 to once-daily Gla-300 or IDeg-100.
Primary endpoint: HbA;. change from baseline to week 24.
Secondary endpoints included hypoglycaemia, blood glucose levels,
and adverse events.

Results: The included individuals had mean HbA,. of 8.6%, diabetes
duration of 10.6 years and BMI of 31.5 kg/m”. Non-inferiority of Gla-
300 vs IDeg-100 was demonstrated for the primary endpoint (Table).
Gla-300 had similar fasting self-measured plasma glucose reduction to
IDeg-100 (Table), with final daily insulin doses of 0.54 and 0.43 U/kg
from starting evening doses, per label, of 0.2 U/kg and 10 U/day (0.12 U/
kg), respectively. Over the 24-week period, incidence of confirmed
(<3.9 mmol/l) or severe hypoglycaemia was comparable, but event rates
were lower with Gla-300 vs IDeg-100, by 14% at any time of day (24 h)
and 19% at night (00:00-05:59 h) (Table).
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*Primary endpoint; p<0.0001 for non-inferiority {non-inferiority margin 0.3 %); **Fasting SMPG target was 4.4-5.6 mmol/l; baseline and week 24
values are mean  standard deviation.

AE, adverse event; C|, confidence interval; ITT, intention-to-treat; LS, least-squares; OR, odds ratio; RR, rate ratio; SE, standard error;

SMPG, self-measured plasma glucose

Clinical Trial Registration Number: NCT02738151

Supported by: Sanofi

Disclosure: A. Cheng: Employment/Consultancy; Abbott, Astra Zeneca,
Boehringer Ingelheim, Eli Lilly, Janssen, Merck, Novo Nordisk, Sanofi,
Servier, Takeda. Honorarium; Abbott, Astra Zeneca, Boehringer
Ingelheim, Eli Lilly, Janssen, Merck, Novo Nordisk, Sanofi. Lecture/
other fees; Abbott, Astra Zeneca, Boehringer Ingelheim, Eli Lilly,
Janssen, Merck, Novo Nordisk, Sanofi.
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Reducing insulin degludec around regular exercise improves time
spent in euglycaemia in people with type 1 diabetes: a randomised
cross-over trial

0. Moser', M.L. Eckstein', A. Mueller?, P. Birnbaumer?, F. Aberer’, G.
Koehler®, C. Sourij3 , H. Kojzar3 , P. Holler*, H. Simi*, P. Pferschy3, P.
Dietz%, R.M. Bracken', P. Hofmann?, H. Sourij3;

Swansea University, Swansea, UK, 2University of Graz, Graz, Austria,
*Medical University of Graz, Graz, Austria, “FH JOANNEUM, Bad
Gleichenberg, Austria.

Background and aims: Insulin degludec (IDeg) is associated with a
similar risk of exercise-induced hypoglycaemia compared to insulin
glargine. Though adjustment of bolus insulin is commonly recommended
around exercise with an unaltered background of IDeg, no research has
explored the impact of intermittent IDeg dose reduction in patients regu-
larly exercising on a few consecutive days. Therefore, the aim of this
study was to compare the time spent in euglycaemia in people with type
1 diabetes (T1D) during 5 consecutive days of continuous moderate-
intensity exercise, on either 100% or 75% of their usual IDeg dose.

Materials and methods: 9 participants with T1D (4 females, age 32.1 +
9.0 years, BMI 25.5 3.8 kg/m?, HbA 7.2+2.8% (557 mmol/mol))
performed a cardio-pulmonary exercise test on a cycle ergometer to deter-
mine maximum oxygen uptake (VOo,y) as well as the first (LTP;) and the
second lactate turn points (LTP,). Afterwards, a flash glucose monitoring
sensor was inserted, and participants were switched to IDeg if not running
on that insulin before. 3 days before the first exercise phase participants
were randomised to either 100% or 75% of their usual IDeg dose. Then
participants exercised on a cycle ergometer for 55 min at a moderate
intensity (midpoint between LTP; and LTP, (~65% VOjn,y)) for 5 con-
secutive days in the evening at the clinical research facility. After a wash-
out period of 4 weeks, participants performed the second exercise phase
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for 5 consecutive days with the remaining allocation. Time spent in eu-
(3.9—-10 mmol/l), hypo- (<3.9 mmol/l) and hyperglycaemia (>10 mmol/l),
AUC for these glycaemic ranges, numbers of hypoglycaemic events,
glycaemic CV and insulin as well as carbohydrate intake were compared
for the entire 5 days. Data were compared between groups by paired t-test
and Wilcoxon matched-pairs signed rank test, p <0.05.

Results: A 25% reduction in IDeg dose around regular exercise achieved
a longer time spent in euglycaemia (p = 0.04) with no effect on numbers
of hypoglycaemic events (p =0.91) or time spent in hypo- (»p =0.07) or
hyperglycaemia (p =0.38) (table 1). The amount of carbohydrates and
dose of bolus insulin injections were similar between the two dosing
regimens (p > 0.05).

Conclusion: This is the first study demonstrating that people with T1D
should be encouraged to reduce IDeg dose by 25% when performing
regular exercise on consecutive days.

Table 1 Comparison of groups over the 5-day period (mean + SD)

75% IDeg dose 100% IDeg dose p-value
Time euglycaemia (Min (%)) 4008 +938 (62 +15) | 3566+ 856 (57 +14) | 0.04
Time hypoglycaemia 270+ 165 (4 £ 3) 240£112(4+2) 0.07
Time hyperglycaemia 2187 + 1046 (34 + 16) | 2440+ 1094 (39 18) | 0.38
AUC euglyczemia (Min x mmol/l) | 28372 + 6684 25187 + 6384 0.03
AUC hypoglycaemia 1347 £ 1474 1032+ 1017 0.05
AUC hyperglycaemia 29062 + 15274 31749 + 15269 0.49
Hypoglycaemic events (n) 4.8+3.4 47429 0.91
CV glycaemia (%) 4017 39+7 0.57
Prandial insulin used (IU) 72 £32 73 +£40 0.89
Correction insulin used (IU) 20+ 10 17+10 0.31
Prandial carbohydrates (g) 739 +237 648 + 115 0.10
Correction carbohydrates (g) | 219 + 112 259 +£114 0.17

Clinical Trial Registration Number: DRKS00013477

Supported by: Novo Nordisk: Unrestricted grant to Medical University of
Graz

Disclosure: O. Moser: Grants; Novo Nordisk A/S: Unrestricted grant to
Medical University of Graz.
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Efficacy, safety and patient-reported outcomes (PROs) of patient- vs
physician-led titration of Gla-300 in uncontrolled type 2 diabetes: the
pan-European TAKE CONTROL study

E. Delgadol'z, D. Russell-Jones®, A. Dauchy4, G. Dimitriadis®, H.A.
Frandsen®, L. Popescu7, A. Roborel de Climens®, B. Schultes’, K.
Strojeklo, M. Bonnemaire*;

1Department of Medicine, University of Oviedo, Oviedo, Spain,
“Endocrinology and Nutrition Service, Hospital Universitario Central de
Asturias, Oviedo, Spain, 3 Department of Diabetes and Endocrinology,
Royal Surrey County Hospital, Guildford, UK, *Global Diabetes
Division, Sanofi, Paris, France, *National and Kapodistrian University
of Athens Medical School, Attikon University Hospital, Athens,
Greece, “Department of Internal Medicine, Amager Hospital,
Copenhagen, Denmark, "Global R&D Operations, Sanofi, Bucharest,
Romania, 8Global Medical Evidence Generation, Sanofi, Lyon, France,
%eSwiss Medical & Surgical Center, Department of Internal Medicine,
Endocrinology, Diabetes & Metabolism, St. Gallen, Switzerland,
%Department of Internal Diseases, Diabetology and Cardiometabolic
Diseases SMDZ, Zabrze, Silesian Medical University, Zabrze, Poland.

Background and aims: People with type 2 diabetes (T2DM) require
effective insulin titration to achieve HbA,. targets. However, most fail
to achieve HbA . goals in clinical practice, owing to patient- and

physician-related barriers. This study evaluated whether the second-
generation basal insulin, insulin glargine 300 U/ml (Gla-300) empowered
patients to self-titrate effectively.

Materials and methods: This 24-week, multicentre, randomised, open-
label, parallel-group study compared the efficacy and safety of a simple
Gla-300 titration algorithm (fasting self-monitored blood glucose
[SMBG] >7.2 mmol/l, +3 U; <4.4 mmol/l, =3 U), when managed by
patients vs physicians, in people with uncontrolled T2DM. Participants
(N=631) from 10 European countries were randomised 1:1 to each group.
Results: Baseline characteristics were similar in both groups. The least
squares (LS) mean difference for patient- vs physician-led groups in
HbA,, change from baseline was —0.13% [95% CI: —0.2619 to
—0.0004], demonstrating superiority for self-titration (p =0.0247). The
proportion of participants achieving a fasting SMBG of 4.4—7.2 mmol/I
without confirmed (<3.0 mmol/l) or severe hypoglycaemia was 67% and
58% in the patient- and physician-led groups (p =0.0187), and 31.2% and
23.7% of participants, respectively, achieved HbA . <7% (p =0.0269).
Severe hypoglycaemia was reported in 0.6% and 0.3% of the patient- and
physician-led groups, respectively. Similar decreases in LS mean
Diabetes Distress Scale total score were observed in both groups from
baseline to week 24: —0.24 (95% CI: —0.32 to —0.15) in the patient- and
—0.16 (—0.25 to —0.08) in the physician-led group (difference: —0.07
[=0.19 to 0.04]). More patients with high distress (mean total score >3)
were observed in the physician-led titration group at week 24 (12.2% vs.
8.5% in the patient-led group). LS mean Diabetes Empowerment Scale
scores similarly improved from baseline to week 24 in the patient- (0.19
[0.14 to 0.24] and physician-led (0.12 [0.07 to 0.17]) groups (difference:
0.07 [0.00 to 0.14]).

Conclusion: Self-titration of Gla-300 in T2DM provides more effective
glycaemic control without increased hypoglycaemia, with as-confident
and a trend towards less-distressed patients, versus physician-led titration.
Clinical Trial Registration Number: EudraCT: 2015-001626-42
Supported by: Sanofi

Disclosure: E. Delgado: Employment/Consultancy; AstraZeneca, Novo
Nordisk, Lilly, Sanofi, GlaxoSmithKline, Pfizer, Almirall, Novartis,
Abbott Laboratories, Esteve, and Merck Sharp & Dohme. Grants;
AstraZeneca, Novo Nordisk, Sanofi, Pfizer, and Roche. Honorarium;
AstraZeneca, Novo Nordisk, Lilly, Sanofi, GlaxoSmithKline, Pfizer,
Almirall, Novartis, Abbott Laboratories, Esteve, and Merck Sharp &
Dohme. Lecture/other fees; AstraZeneca, Novo Nordisk, Lilly, Sanofi,
GlaxoSmithKline, Pfizer, Almirall, Novartis, Abbott Laboratories,
Esteve, and Merck Sharp & Dohme.
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The clinical benefits of IDegLira in DUAL VII were achieved while
using a simple regimen with fewer injections and dose adjustments
compared with basal-bolus therapy

E.M. Miller', E. Jodar®, K. Khunti®, D. Sugimoto®, P. Orsy’, M.F.
Ranthe’, A. ViljoenG;

"Diabetes Nation, Bend, USA, *University Hospital Quiron Salud,
Madrid, Spain, 3Leicester General Hospital, Leicester, UK, “Cedar
Crosse Research Center, Chicago, USA, >Novo Nordisk A/S, Seborg,
Denmark, ®Lister Hospital, Stevenage, UK.

Background and aims: Complex treatment regimens, such as basal-
bolus insulin therapy (BB), are associated with lower compliance, greater
treatment burden and poor patient satisfaction. Complex regimens are
also a major concern for physicians since they require more resources
and clinical decisions, both of which become more problematic as type
2 diabetes (T2D) progresses. In DUAL VII, insulin degludec/liraglutide
(IDegLira) resulted in non-inferior HbA,. reductions (as per the trial
design), weight loss (0.9 vs. 2.6 kg), and an 89% reduction in rates of
hypoglycaemia compared with BB in patients with T2D. This post hoc
analysis evaluated the treatment complexity of IDegLira vs. BB in terms
of number of injections and dose adjustments.
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Materials and methods: In a 26-week, open-label trial, patients with
T2D uncontrolled on metformin and 20-50 U insulin glargine 100 U/
mL (IGlar U100) were randomised 1:1 to IDegLira (N =252) or BB
(IGlar U100 + insulin aspart <4 times/day; N =254). IDegLira was initi-
ated at 16 dose steps/units (U) (16 U insulin degludec +0.58 mg
liraglutide); initial IGlar U100 dose was the pre-trial dose (mean: 33 U).
Both were titrated twice-weekly, based on the mean of three pre-breakfast
self-monitored plasma glucose (SMPG) readings, to a target of 4—
5 mmol/L. Insulin aspart was initiated at 4 U/main meal and titrated
twice-weekly to a pre-prandial and bedtime SMPG target of 4-6 mmol/
L. This analysis reports the observed mean number of insulin injections
and dose adjustments during 26 weeks.

Results: Despite the lower starting basal insulin component dose with
IDegLira vs. BB, the number of basal insulin dose adjustments were
similar during treatment (Table). The mean number of bolus insulin ad-
justments increased steadily during the trial to 200 per patient (median
[min; max]: 218 [1; 569]). 66.5% of patients in the BB group were
receiving >3 bolus injections/day at Week 26 in addition to their basal
insulin and SMPG measurements in connection with each injection.
Conclusion: Burdensome regimens impact on patients’ quality of life,
treatment adherence and ability to achieve good glycaemic control.
Compared with BB, the clinical benefits of IDegLira (comparable
HbA . reduction, lower hypoglycaemia rates and weight loss) are
achieved using a more convenient regimen in the DUAL VII study. In
addition to the clinical benefits, this simple regimen has the advantages of
fewer daily injections, SMPG readings and dose adjustments, requiring
fewer clinical decisions.

Regimen complexity at 26 weeks
IDegLira Basal-bolus

Mean number (SD) of basal insulin
dose adjustments 16.6 (6.8) 17.1(10.2)
Mean number (SD) of bolus insulin B 2001 (1186)
dose adjustments ' ’
Number (%) of patients receiving the
following bolus injections/day

0 - 3(1.3)

1 - 18 (7.8)

2 - 56 (24.3)

23 - 153 (66.5)
IDegLira, insulin degludec/liraglutide

Clinical Trial Registration Number: NCT02420262

Supported by: Novo Nordisk

Disclosure: E.M. Miller: Honorarium; Eli Lilly, Boehringer Ingelheim,
Novo Nordisk, Astra Zeneca, Janssen, Intarsia, BD, Abbott.
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CONFIRM: a comparative effectiveness study of insulin degludec
and insulin glargine 300 units/ml (glargine U300) in insulin-naive
patients with type 2 diabetes

J. Tibaldi', S. Haldrup?®, V. Sandberg?, M.L. Wolden?, H.W. Rodbard?;
"Fresh Meadows Diabetes and Endocrinology, New York, USA, 2Novo
Nordisk A/S, Seborg, Denmark, 3Clinical Research, Rockville, USA.

Background and aims: The Clinical Outcome Assessment of the
Effectiveness of Insulin Degludec in Real-life Medical Practice
(CONFIRM) study compared the real-world effectiveness of insulin
degludec (degludec) and insulin glargine 300 units/mL (glargine U300)
in insulin-naive patients with type 2 diabetes.

Materials and methods: This retrospective, non-interventional, compar-
ative effectiveness study used electronic health records of US-based pa-
tients from Explorys, with propensity-score matching to balance baseline
characteristics between cohorts. The primary endpoint, A HbA . from
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baseline to 6 months’ follow-up, was estimated using a repeated-
measure analysis with subject as random effect. Rate of hypoglycaemic
episodes (defined using International Classification of Diseases codes 9/
10) and proportion of patients with hypoglycaemia were estimated using
negative binomial and logistic regression, respectively. Time-to-
discontinuation of basal insulin was analysed using a Cox Proportional
Hazard model. This study included adults with type 2 diabetes treated
with oral antidiabetic drugs, intensified with either degludec or glargine
U300.

Results: Data from 4056 patients were analysed. After matching, baseline
characteristics of the groups were comparable (» = 2028 in each group).
At follow-up, A HbA . was significantly lower with degludec (—1.5%)
versus glargine U300 (—1.2% [treatment difference, —0.3%, p =0.029]).
Rates of hypoglycaemia were significantly lower with degludec versus
glargine U300 (rate ratio: 0.70, p =0.045). Similarly, the proportion of
patients experiencing hypoglycaemia was significantly lower with
degludec (odds ratio: 0.64; p <0.01). Patients treated with glargine
U300 had a 37% higher risk of treatment discontinuation versus degludec
(hazard ratio: 1.37, p <0.01).

Conclusion: Data from the largest real-world comparative effectiveness
study of degludec and glargine U300 to date demonstrated improved
glycaemic control, lower rates of hypoglycaemia and lower risk of dis-
continuation with degludec versus glargine U300.

Supported by: Novo Nordisk

Disclosure: J. Tibaldi: Employment/Consultancy; Novo Nordisk.
Lecture/other fees; Novo Nordisk.
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THE I-HART CGM study: hypoglycaemic episodes reduced with
continuous glucose monitoring compared to Flash in adults with type
1 diabetes

P. Avari', V. Moscardo?, N. Jugneel, M. Reddyl, N. Oliver';

'Imperial College London, London, UK, *Universitat Politécnica de
Valencia, Valencia, Spain.

Background and aims: The [l HART CGM Study is the first head-to-
head glucose monitoring study designed to assess impact of flash and
continuous glucose monitoring (CGM) in highest risk adults with type
1 diabetes mellitus (T1DM). We have previously shown CGM was asso-
ciated with reduced hypoglycaemia exposure compared to flash. In this
analysis, we assess the number of hypoglycaemic episodes in each group.
Materials and methods: Forty participants with highest risk diabetes
(Gold Score >4 or recent severe hypoglycaemia using insulin injections)
were recruited to this randomized, parallel group trial. Following two weeks
of blinded CGM, participants were randomized to CGM (DexcomG5; n =
20) or flash (Freestyle Libre; n =20) for 8-weeks. An open extension phase
enabled participants on CGM to continue for a further 8 weeks, and those
on flash to switch to CGM over this period. A non-parametric analysis was
performed. Significance was calculated between flash and CGM through-
out the study period, and between flash switching to CGM with the corre-
sponding weekly interval. The number of hypoglycaemic episodes were
analyzed for each week. Each episode of hypoglycaemia was defined with a
duration of 20 minutes and a separation time of 15 minutes.

Results: Over the first 8 weeks, a reduced number of serious
hypoglycaemic episodes (<3.0 mmol/L) was observed with CGM com-
pared to flash during each consecutive week. Statistical significance be-
tween groups was observed at weeks 4-6 (p <0.05). Less serious
hypoglycaemic episodes (<3.9 mmol/L) showed similar reduction in
events at weeks 5 and 6 (p <0.05), however, the difference between the
two groups was less marked. Between 8—16 weeks, no significant change
was observed in the group continuing on CGM. A significant reduction in
hypoglycaemic events was observed when switching flash to CGM (p <
0.05) for serious hypoglycaemia <3.0 mmol/L at weeks 10 and 12-16
(p <0.05). For hypoglycaemia <3.9 mmol/L, reduced events were noted
at weeks 13, 14 and 16.

Conclusion: Real-time CGM shows greater beneficial impact on reduc-
ing hypoglycaemic episodes compared with flash in adults with TIDM at
highest risk of hypoglycaemia. In particular, the benefits of CGM was
observed with more serious, clinically important hypoglycaemia
(<3.0 mmol/l). However, the significant effect on reducing
hypoglycaemic episodes with CGM was not sustained throughout the
16 weeks, and may reflect the small cohort numbers or user fatigue with
alarms. Switching flash to CGM significantly reduced hypoglycaemic
episodes. These findings are important when selecting monitoring tech-
niques to minimize the clinical and cost, impact of hypoglycaemia.

Median number of isodes /week (<3. 1)

Hypoglycaemic episodes
B BT B e

L W Ly

1 2 3 4 5 6 7 il ) 10 1 2 3 1 15 16
Week
—e—Group A: CGM

- Group B: Flash
Group B: Flash switched to CGM

* significance between CGM vs Flash
A Significance between switching flash to CGM

Clinical Trial Registration Number: NCT03028220

Supported by: Investigator-initiated study funded by Dexcom
Disclosure: P. Avari: Other; Investigator-initiated study funded by
Dexcom.
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First assessment of the performance of an implantable continuous
glucose monitoring (CGM) system through 180 days in a primarily
adolescent population with type 1 diabetes

A. Abitbol’, R. Aronsonz, R. Rastogi3 , C. Mdingi3, X. Chen3, K.S.
Tweden;

"LMC Diabetes & Endocrinology, Oakville, Canada, 2LMC Diabetes &
Endocrinology, Toronto, Canada, 3Senseonics, Incorporated,
Germantown, USA.

Background and aims: An implantable continuous glucose monitoring
(CGM) system (Eversense® XL, Senseonics, Maryland USA) recently
received CE Mark for 180-day duration in adults. The current study is
the first investigation of the performance of the Eversense XL through
180 days in a primarily adolescent population with type I diabetes (T1D).
Materials and methods: This study was a prospective, single-center,
single-arm, 180-day study that evaluated the effectiveness and safety of
the implantable CGM system among Canadian adolescent and adult par-
ticipants with T1D. Effectiveness measures included mean absolute rela-
tive difference (MARD), system agreement with Yellow Springs
Instrument (YSI) glucose values, and Clarke Error Grid analysis using
paired CGM and reference YSI glucose analyzer values. Adult partici-
pants were inserted with two sensors and adolescent participants were
inserted with one sensor in the upper arm. CGM system accuracy studies
were performed every 30 days. The safety assessment included the inci-
dence of insertion/removal-procedure and device-related serious adverse
events (SAEs) through 180 days post-insertion.

Results: Thirty-Six participants (30 adolescent/6 adult, 13 female/23
male, mean age 17+9.2 years, mean BMI 22+4 kg/mz) received the
CGM system. One subject withdrew at Day 1 due to intravenous access
issues. CGM system agreement with YSI glucose within 15 mg/dL or
15% of YSI glucose values (N = 7163) through 60, 120 and 180 days was
82.9%, 83.6% and 83.4% (95% CI: 79.7%—85.5%), respectively. Overall
MARD was 9.4% (95% CI: 8.6%—10.5%). Clarke Error Grid analysis
showed 99% of paired values in clinically acceptable error zones A and B.
No insertion/removal or device-related SAEs were reported.
Conclusion: The Eversense XL CGM system is safe and accurate
through 180 days of Sensor wear in a primarily adolescent population.
Supported by: Senseonics, Incorporated

Disclosure: A. Abitbol: Grants; Senseonics.
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Development of a computerised, guideline based continuous glucose
monitoring (CGM) directed therapy algorithm to assist physicians in
the management of patients with type 2 diabetes

R.A. Vigersky, S. Guan, C. McMahon, B. Huhta, P. Agrawal, R.
Buechler, P. Chung, O. Cohen, G. Hamer, J. Smith, S. Lee, R.
Morawiec, L. Resurreccion, K. Saad, F. Kaufman;

Medtronic Diabetes, Northridge, USA.

Background and aims: To address the clinical inertia that often occurs in
T2D treatment, facilitate interpretation of CGM-derived data, and pro-
mote adherence to professional organizations’ guidelines, a computerized
decision support system (CDSS) for physicians has been developed.

Materials and methods: The CDSS is based on retrospective CGM data
and linked to the medication guidance of the American Diabetes
Association and the American Association of Clinical Endocrinology.
While CDSS’s are used in diabetes management, none have included
CGM-derived data with pattern analysis to help address the wide range
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of pharmacotherapeutic possibilities in patients with T2D. Inputs to the
system include: 1) A1C target; 2) current medication dose and frequency;
and 3) retrospective CGM data. The CDSS algorithm includes all classes
of diabetes medications except dopamine agonists and bile acid
sequestrants and considers a wide range of baseline medication states
from therapy-naive to triple therapy combinations. Major patterns are
identified by a pattern-recognition algorithm. The CDSS provides 0-6
therapy considerations (by class) matching the clinically most important
pattern with the predominant action of a drug. These considerations are
based on mean sensor glucose, current medication(s) and dose(s), and
presence/absence of hyperglycemic symptoms. Therapy considerations
include making no change in the baseline therapy, increasing or reducing
the dose of a current medication(s), or adding/substituting/stopping a
medication including the initiation of insulin therapy, where appropriate.
Since large scale head-to-head trials of comparative effectiveness are not
available for most drugs, the therapy considerations are arranged alpha-
betically. Importantly, physicians must apply their professional judge-
ment in assessing these options and consider important clinical factors
such as past medication use/tolerance, allergies, renal and hepatic func-
tion before making a therapy decision.

Results: The CDSS output from over 300 cases was presented to over 75
physicians in the U.S., Europe, and Asia. Examples: In a patient taking
metformin and glimepiride with a primary pattern of low sensor glucose
overnight, therapy considerations would be: “reduce or stop sulfonyl-
urea” and “consider replacing sulfonylurea with a non-hypoglycemia
inducing medication”; in a patient on glipizide-XR, metformin and basal
insulin the morning with a primary pattern of high sensor glucose from
1600-2400 hours, a therapy consideration would be: “increase basal in-
sulin”. There was a high degree of concordance with the pattern identifi-
cation and therapy considerations. The CDSS may be customized to
reflect the guidance from other professional organizations or governmen-
tal bodies.

Conclusion: We anticipate that CDSS’s such as this one will become
important tools in assisting physicians to make appropriate medication
changes in a complex therapy environment.

Disclosure: R.A. Vigersky: None.
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Continuous glucose monitoring in healthy non-diabetic participants:
a multicentre prospective study

A. Peters', Z. Li, S. DuBose?, R. Beck?, V. Shah®, R.S. Weinstock®, M.
Tansey’, D. Sparling®, S. Woerner’, F. Vendrame®, R. Bergenstal’, J.
Sherr'®, J. Shine Dyer' ! 'S.E. Watson'?, B. Tamborlane'’;

IUSC, Los Angeles, ZJCHR, Tampa, 3BDC, Aurora, SUNY Upstate,
Syracuse, SUniv lowa, lowa City, ®Univ Oklahoma, Oklahoma City,
"Indiana Univ, Indianapolis, 8Univ Miami, Miami, IDC Park Nicollet,
St Louis Park, '°Yale, New Haven, ''COPEDS, Columbus, 12Wendy
Novak, Louisville, USA.

Background and aims: Much effort has been placed on standardization
of CGM-based outcomes that are increasingly being used in clinical re-
search related to newer therapeutics and devices. This study was under-
taken to determine the distribution of sensor glucose levels in healthy,
non-diabetic participants using the recently approved DexCom G6
system.

Materials and methods: In this multicenter study, healthy, non-diabetic
children and adults (age 7 to 80 years, BMI <25 kg/m? or between 5 and
85" percentile, and HbAlc <5.7%) were included. Each subject wore a
blinded DexCom G6 for ~10 days and kept a daily log of exercise, meals,
and sleep. Only participants with no positive islet antibodies and at least
72 hours of CGM data were analyzed. Participants were divided into 5
age cohorts for analysis.

Results: A total of 201 healthy non-diabetic participants were screened
and 151 enrolled and analyzed. The cohort was 67% female, 84% non-
Hispanic White, and had mean HbAlc of 5.1%. Participants >18 years
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old had mean BMI of 24 kg/m? and those <18 years had mean BMI
percentile of 51%. Overall mean 24-hour sensor glucose level was 100
+ 7 mg/dL, a finding that was consistent except for those participants 60+
years who had slightly higher glucose levels (104 + 9 mg/dL). Peak post-
prandial glucose was 129 mg/dL with no major differences across age
groups. Overall, meal related increases in sensor glucose resulted in day-
time glucose levels 2 mg/dL higher than nighttime values. Sensor glucose
levels above 120 and below 70 mg/dL were not uncommon across all age
groups but sensor values above 180 mg/dL were rarely observed except in
participants 60+ years old (Table). In all age groups, sensor levels
<54 mg/dL were rarely seen. Overnight mean and nadir sensor glucose
levels following exercise days were slightly lower compared with seden-
tary days, but the differences were not statistically significant (data not
shown).

Conclusion: As greater emphasis is placed on glycemic metrics beyond
HbAlc levels, the current study provides a normative set of sensor glu-
cose levels that can be used for comparison for clinical trials. It is note-
worthy that sensor glucose levels >180 and <54 mg/dL were very un-
common in our healthy non-diabetic participants, which support these
levels as the thresholds for clinically important hyper- and hypoglycemia
in diabetes. With improvements in both pharmacologic agents and me-
chanical solutions the ultimate goal may be to attain tighter glycemic
control in those living with diabetes by altering the hyperglycemic thresh-
old to 160 mg/dL.

Table: Sensor glucose levels overall and by age in healthy non-diabetic subjects (n=151)

an 71 12617 186024 2080 60+
(a=151) (a=26) (=30) (@=28) (@=41) (a=26)

99=7

16%22% 18%3%

99=6
my/dL - medisn (IQR) 59% (83%,91%) | o1 85% (30%,90%) | 88

20 mg/dL - medizn (1QR)
40 mg/dL - median (1QR)
60 mg/dL - median (1QR)
50 mg/dL - median (1QR)

5:5%) [8.4% (4.8%, 14.9%)[ 7.0% (5.
1.7

0.2% (.

0.0% (0.0%, 0.1%)

0.0% (0.0%, 0.0%) 0.19% (0.0%, 0.5%)

70 mg/dL ~ median (IQR)
60 mgdL - median IQR)
54 mg/dL - median (IQR) % 2%) | 0.0% (0.0%, 0.1%) | 0.0% (0.0%, 0.

1.0% (0.2%, 3.4%)
0| 022 6%)
%) | 0.1% (0.0%,0.1%)

Supported by: Leona M. and Harry B. Helmsley Charitable Trust
Disclosure: A. Peters: None.
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Decreased time <70 mg/dl for patients previously using pumps, mul-
tiple daily injections, CGM or no CGM before using a predictive low
glucose suspend system: the PROLOG study

B.A. Buckinghaml, Z.Li, J.E. Pinsker’, G.P. Forlenza*, E. Cengiz5 , L.
Ekhlaspourl, M. Church?, P. Wadwa®*, S.A. Weinzimer’, W. Woodall?,
B.B. Dokken®, V. Swanson®, J. Lumz, C. Kollmanz, R. Beckz;
"Department of Pediatric Endocrinology, Stanford University, Palo Alto,
2Jaeb Center for Health Research, Tampa, 3Sansum Diabetes Research
Institute, Santa Barbara, “Barbara Davis Center, Aurora, 5Depanment of
Pediatric Endocrinology and Diabetes, Yale University, New Haven,
6Depzmment of Clinical Affairs, Tandem Diabetes Care, San Diego,
USA.

Background and aims: Hypoglycemia is a major concern for patients
with type 1 diabetes. The predictive low glucose suspend (PLGS) feature
on the t:slim X2 insulin pump with Basal-IQ Technology allows for
automatic basal rate suspension when the sensor glucose is predicted to
reach 80 mg/dL within 30 min, and resumes immediately when glucose
begins to rise. Previous studies have found increased hyperglycemia as-
sociated with some PLGS systems.

Materials and methods: A randomized crossover trial was conducted at
4 sites in the US. Participants had type 1 diabetes (age >6 years, n = 103)
and were previously treated with MDI (n = 17) or pump therapy (n = 86),
either with (n = 87) or without CGM (n = 16). Subjects used the t:slim X2
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with Basal-IQ (PLGS) during one 3-week period and sensor augmented
pump (SAP) during another 3-week period. The order of treatment was
randomized. The primary outcome was the percentage of CGM sensor
glucose values <70 mg/dL compared between treatment arms using a
repeated measures regression model. Pump suspension or resumption of
insulin did not generate alarms.

Results: Sensor time <70 mg/dL decreased by 31% relative to SAP in the
PLGS arm (4.5% +3.9% SAP vs. 3.1% +2.8% PLGS, mean values; P <
0.001) with no change in mean glucose between groups (159 +27 mg/dL
SAP vs. 159 £25 mg/dL PLGS). Time in range (70 mg/dL—180 mg/dL)
modestly but significantly increased by 3% in the PLGS arm relative to the
SAP arm (63% +15% SAP vs. 65% +15% PLGS, mean values, P <
0.001). The mean duration of pump suspensions was 18 minutes, and only
3% lasted for >1 hr. The mean number of suspensions each day was 5.7 +
4.3 which was associated with a significant reduction in basal insulin
delivery from a mean of 21.5 units/d to 20.3 units/d (P <0.001), while
bolus delivery was unchanged. There was a 30% decrease in mean percent
time <70 mg/dL for subjects previously using pumps and a 34% decrease
for subjects previously using MDI. For subjects previously using CGM
there was a 33% decrease in time <70 mg/dL, and for non-CGM users
there was a 20% decrease. Participants found the system easy to use,
documented with a high System Usability Score of 88.8 out of 100.
Conclusion: The t:slim X2 with Basal-IQ was safe and associated with a
significant reduction of hypoglycemia and increased time in range com-
pared to SAP. Subjects experienced with or naive to pump and sensor
technologies had similar reductions in hypoglycemia and user satisfaction
ratings.

Pre-Study Insulin Delivery Pre-Study CGM Use

Pump User MDI User CGM User Not CGM User
(n=85) (n=17) (n=86) (n=16)

6.0% 6.0%

5.5%
4.7% 4% 4.4%
4.0% 4.0%
33% 32% 0%
2.1%
2.0% D 2.0%
0.0%

SAP  PLGS SAP PLGS SAP  PLGS SAP PLGS

% CGM time <70 mg/dL

o
o
X

Figure 1: Mean percent CGM time <70 mg/dL in insulin delivery and CGM use subgroups during
SAP and PLGS study arms

Clinical Trial Registration Number: NCT03195140
Supported by: Tandem Diabetes Care
Disclosure: B.A. Buckingham: Grants; Research funding.
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Closed-loop insulin delivery in suboptimally controlled type 1 diabe-
tes: a multicentre, 12-week, randomised trial

M. Tauschmann', H. Thabit"?, ].M. Allen’, J. Sibayan3 , C. Kollman®, P.
Cheng3 , M.L. Evans]’4, D.B. Dunger], D. Elleri®’, R M. Bergenstalf’, F.
Campbell7, V.N. Shah®, A. Criego(’, L. Leelarathna®, R. Hovorka';
1University of Cambridge, Cambridge, UK, 2Central Manchester
University Hospitals NHS Foundation Trust, Manchester, UK, 3Jacb
Center for Health Research, Tampa, USA, *Cambridge University
Hospitals NHS Foundation Trust, Cambridge, UK, *Royal Hospital for
Sick Children, Edinburgh, UK, SInternational Diabetes Center,
Minneapolis, USA, "Leeds Children’s Hospital, Leeds, UK, *University
of Colorado, Denver, USA.

Background and aims: We assessed the safety and effectiveness of day-
and-night hybrid closed-loop insulin delivery compared with sensor aug-
mented pump therapy in youths and adults with suboptimally controlled
type 1 diabetes.

Materials and methods: In an open-label, multi-centre, multi-national
(UK and USA), single-period, parallel study, we randomly assigned sub-
jects with type 1 diabetes aged 6 years and older treated with insulin pump
therapy and suboptimal glycaemic control (HbAlc between 7.5% and
10%) to receive either closed-loop insulin delivery with Cambridge con-
trol algorithm (n = 46) or sensor-augmented pump therapy (n =40; con-
trol) over 12 weeks of unrestricted living. Training on study pump and
continuous glucose monitor took place over a 4-week run-in period.
Results: In an intention to treat analysis and relative to run-in period,
closed-loop increased time that glucose was in target range by 13+8
percentage points compared with a 2+ 6 percentage point increase in
control group (primary endpoint; p <0.001; closed-loop vs control). In
closed-loop group, HbAlc was reduced from screening value of 8.3 +
0.6% to 8.0+ 0.6% post run-in and 7.4 +0.6% post intervention. In con-
trol group these values were 8.2+0.5%, 7.8 £0.6% and 7.7 +0.5%; re-
ductions in Alc levels were significantly greater in closed-loop group
compared to control group (mean difference in change 0.4%; 95% CI,
0.2% to 0.6%; p < 0.001). Mean sensor glucose was lower in closed-loop
group (p <0.001) as was the time spent with sensor glucose levels below
3.9 mmol/L (p = 0.008) and above 10.0 mmol/L (p < 0.001) (table). Time
spent with glucose levels in significant hypoglycaemia (<2.8 mmol/L)
was not different between interventions (p =0.11). Similarly, total daily
insulin dose was not different (p =0.09). No severe hypoglycaemia oc-
curred. One diabetic ketoacidosis presented in closed-loop group due to
infusion set failure and none in control group.

Conclusion: Hybrid closed-loop is safe and improves glucose control
and HbA Ic¢ while reducing the risk of hypoglycaemia across a wide age
range in suboptimally controlled type 1 diabetes supporting adoption of
closed-loop in clinical practice.

Table. Study endpoints by treatment group

Closed-loop Control p-value*
(N=46) (N=40)
Time spent at glucose level (%)
3.9-10.0 mmol/L** 658 549 <0.001
<3.9 mmol/L 2.6 (1.9-3.6) 3.9(1.7-5.3) 0.008
<2.8 mmol/L 0.3 (0.2-0.6) 0.5 (0.2-0.9) 0.11
>10.0 mmol/L 32+8 42+10 <0.001
>16.7 mmol/L 3.5(1.9-4.6) 4.4 (2.9-6.5) <0.001
Mean glucose (mmol/L) 8.9+0.7 9.7+1.0 <0.001
Glucose SD (mmol/L) 3:.5+05 3.8+0.5 <0.001
Glucose CV (%) 40+4 40+4 0.50
Total daily dose (U/kg/day) 0.81+0.25 0.71+0.19 0.09

Randomised population: 23 children, 19 adolescents/young adults, and 44 adults
Data presented as meanSD or median (interquartile range)
* Closed-loop vs. control, adjusted for run-in ** Primary endpoint

Clinical Trial Registration Number: NCT02523131
Supported by: JDRF
Disclosure: M. Tauschmann: None.
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Impaired mitochondrial function of human ventricular myocardium
in insulin resistance and type 2 diabetes

E. Zweck'"2, D. Scheiber'?, T. Jelenik!, P. Horn?, S. Albermann'?, U.
Boeken®, D. Saeed’, M. Kelm>*, M. Roden"’, R. Westenfeld?, J.
Szendroedi'’;

'Institute for Clinical Diabetology, German Diabetes Center, Leibniz
Center for Diabetes Research, Heinrich Heine University and German
Center for Diabetes Rescarch, Diisseldorf, *Division of Cardiology,
Pulmonology and Vascular Medicine, Medical Faculty, Heinrich Heine
University, Diisseldorf, *Clinic for Cardiovascular Surgery, Medical
Faculty, Heinrich Heine University, Diisseldorf, 4Cardiovascular
Research Institute Diisseldorf, Medical Faculty, Heinrich Heine
University, Diisseldorf, *Division of Endocrinology and Diabetology,
Medical Faculty, Heinrich Heine University, Diisseldorf, Germany.

Background and aims: Type 2 Diabetes Mellitus (T2DM) is associated
with increased risk of heart failure independent of other risk factors like
coronary artery disease and arterial hypertension. While underlying
mechanisms are only partially understood, recent studies detected mito-
chondrial alterations in atrial tissue of patients with T2DM suffering from
ischemic or valvular heart disease and requiring open-heart surgery.
These studies yielded controversial results concerning a direct link be-
tween insulin resistance and mitochondrial dysfunction. We hypothesized
that mitochondrial capacity and coupling efficiency are reduced in ven-
tricular tissue of insulin resistant and humans with T2DM and normal
heart function.

Materials and methods: High resolution respirometry was performed
ex-vivo in transcatheter ventricle biopsies of 29 healthy heart transplant
recipients with normal left ventricular function (left ventricular ejection
fraction: 64 + 8%) and without allograft rejection. We assessed three-hour
oral glucose insulin sensitivity (OGIS), fasting insulin resistance via ho-
meostasis model assessment (HOMA-IR) and redox potential (ORP)
reflecting systemic oxidative stress.

Results: Glucose tolerant humans (CON; n = 16) and T2DM (n = 13)
had comparable age (54 + 14 vs. 58 +12 years), sex (81% vs. 85%
male) and time since transplantation (26 £24 vs. 25+26 months),
while body mass index was higher in T2DM (25.0£2.9 vs. 28.1 +
4.9 kg/m?; p < 0.05). Myocardial state 3 respiration was 20% lower in
T2DM compared to CON at saturating levels of octanoyl carnitine
(101 £25 vs. 81 £20 pmol/(s*mg); p <0.05), 23% lower at addition-
al glutamate (123 +35 vs. 95+27 pmol/(s*mg); p <0.05), but not
different at additional succinate (178 60 vs. 143 £51 pmol/(s*mg)).
Lipid-linked respiration related negatively to Hba;. (r=-0.45; p <
0.05) and fasting blood glucose levels (r=-0.48; p <0.05), but pos-
itively to OGIS (n =18; r=0.57; p <0.05). Respiration with addi-
tional substrates of complex I and II of the respiratory chain specif-
ically correlated with OGIS (r=0.51; p <0.05). Respiratory control
ratios (RCR) on lipids were 21% lower in T2DM (1.6 £0.4 vs. 1.2 +
0.3; p <0.05) and correlated negatively with Hbp . (r=—0.44; p <
0.05) and HOMA-IR (r=-0.488; p <0.05). Additional substrates of
complex I and II resulted in 22% lower RCR in T2DM (2.7 £ 0.8 vs.
2.1+0.5; p <0.05). ORP was 24% higher in T2DM (127 £23 vs.
157+£25 mV; p <0.01) and related to Hba . (r=0.45; p =0.02).
Conclusion: This study demonstrates reduced mitochondrial respira-
tion and coupling efficiency in ventricular myocardium of humans
with T2DM, which associates whole-body insulin resistance, im-
paired glycemic control and oxidative stress. These findings point
to cardiomyocyte energy metabolism as a novel target for T2DM-
related heart failure.

Clinical Trial Registration Number: NCT03386864

Supported by: German Research Council (SFB1116) and Research com-
mission of HHU (JS)

Disclosure: E. Zweck: None.
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Total mortality: the key-feature of type 2 diabetes
J. vor dem Esche;

Codiplan GmbH, Herrsching am Ammersee, Germany.

Background and aims: Until today, most clinical trials performed in
patients with type 2 diabetes have focussed on cardiovascular outcomes
only, taking not into consideration non-cardiovascular causes of death
and other major health-threats such as serious infections. Therefore, lethal
and non-lethal, but potentially life-threatening events are meta-analysed.
Materials and methods: The data gathered from randomized controlled
clinical trials conducted in patients with type 2 diabetes are evaluated by
rates per person-years to define a disease appropriate ranking of serious
outcomes.

Results: In the seventy-two selected publications, total mortality with an
annual rate of 2.4% is by far the dominant outcome (R: 0.0244; 95% CI:
0.0229-0.0258, p <0.0001), independent from the baseline risks. These
figures are based on the analysis of all trials and all endpoints of interest
(1,342,482 patient-years with 30,221 lethal events). Approximately 44%
of the mortality events are non-cardiovascular death events. The results
serious infections (R: 0.015; 95% CI: 0.012-0.019), cancer (R: 0.012;
95% CI: 0.008-0.016), heart failure (R: 0.012; 95% CI: 0.008-0.015),
non-fatal myocardial infarction (R: 0.011; 95% CI: 0.008-0.015), and
non-fatal stroke (R: 0.007; 95% CI: 0.004-0.011) are ranked from two
to six.

Conclusion: Total mortality is the key-feature of type 2 diabetes. Apart
from non-fatal myocardial infarction and non-fatal stroke, serious infec-
tions, cancer, and heart-failure should be included in a primary safety
endpoint. By focussing on cardiovascular morbidity and mortality only,
the current practice to evaluate efficacy and safety of antiglycaemic treat-
ment strategies appears not to be fully appropriate for the real threats
associated with type 2 diabetes.

Incidence of serious endpoints in patients with type 2 diabetes

Group by Statistics for each study Events/Patient-Year Rate and 95% CI
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Screening for diabetes and early treatment reduces mortality in pe-
ripheral arterial disease over seven years

C. Hoebaus', C.T. Herz?, G. Pesau', B. Zierfuss', R. Koppensteinerl, G.-
H. Schernthaner';

"Medicine II - Angiology, Medical University of Vienna, Vienna,
“Medicine TII - Endocrinology and Metabolism, Medical University of
Vienna, Vienna, Austria.

Background and aims: Diabetes mellitus type 2 (T2D) is a well-known
risk factor for atherosclerosis development. The combination of T2D and
peripheral arterial disease (PAD) is known to reduce survival. We inves-
tigated if intensified screening and early treatment for T2D is able to
enhance survival over seven years in elderly PAD patients.

Materials and methods: Repetitive screening for T2D was performed in
a PAD patient cohort (N =367, 123 women, Fontaine stage I-1I) three
times every six month. Procedures included a 75 g oGTT and HbAlc
measurement. T2D was defined using the current ADA guidelines or by
active use of an anti-diabetic agent. Newly detected T2D was primarily
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treated with metformin. Patients were stratified according to HbAlc (cut-
off 53 mmol/mol) in adequate glucose control (AGC) or inadequate glu-
cose control (IGC) at baseline and mean HbA ¢ was calculated over the
first year. Estimated glomerular filtration rate (¢éGFR) was calculated by
the Chronic Kidney Disease Epidemiology Collaboration equation. Data
is presented as median (25th—75th percentile). Mann-Whitney-U and log-
rank test were used as appropriate. Survival curves were calculated by the
Kaplan-Meier method.

Results: This PAD cohort included 229 patients with presumed ab-
sence of glucose disturbance and 138 patients with known T2D.
Initial intensified screening revealed 26 new T2D patients; 13 addi-
tional patients were diagnosed by screening over one year. T2D
patients with AGC (N =100) vs. IGC (N = 64) at baseline exhibited
similar patient age (78 (69-83) vs. 76 (68-82) years, p =0.521),
LDL-cholesterol (2.36 (1.94-2.94) vs. 2.56 (2.08-3.01) mmol/L,
p =0.746), and eGFR (63.7 (52.2-81.4) vs. 64.8 (52.5-77.2) ml/
min/1.73 m? p =0.683), but presented a higher BMI (27.7 (25.1-
30.8) vs. 28.2 (26.3-31.8) kg/m? p =0.05). 94 PAD patients de-
ceased during the study period. Survival of PAD patients decreased
between patients without T2D (N =202, 78.8%) to patients with
AGC (N =100, 73%), and patients with IGC (N =64, 62.5%) over
seven years (p =0.019). Similar survival rates after the one-year
screening were seen in patients categorized according to mean
HbAlc for patients without T2D (81.7%), AGC (75%), and 1GC
(58.9%) (p =0.02). The mortality difference between patients with-
out T2D (18.3%) and AGC (25%) was not statistically significant
(p =0.164). During the first year of observation patients with newly
diagnosed T2D exhibited similar survival rates to those with AGC
(71.8 vs. 75%, p =0.786; figure 1).

Conclusion: This study highlights that adequate glucose control in elder-
ly PAD patients is able to reduce long-term mortality rates. Furthermore,
this trial underlines the importance to actively screen for diabetes in PAD
patients to treat T2D early and ameliorate diabetes complications and
patient survival.
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Figure 1. All-cause survival is depicted according to mean Hbalc over the first study year

Disclosure: C. Hoebaus: None.
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Effects of treatment-achieved HbA,. on incidence of micro-/
macrovascular complications in patients with diabetes

M. Harada', K. Fujiharal, T. Osawa', M. Yamamoto', M. Kaneko', M.
Ishizawa', Y. Matsubayasil, T. Yamada', N. Yamanaka?, S. Hiroyasuz, S.
Kodama', H. Sone';

"Diabetes and Endocrinology, Niigata University, Niigata, “Japan
Medical Data Center Co, Tokyo, Japan.

Background and aims: Although a so-called “J”- or “U”-shaped
relationship between treatment-achieved HbAlc and risk of coro-
nary artery disease (CAD) has been repeatedly reported, it is not
yet clarified whether the association is maintained across various

treatment modalities including diet only for both macro- and micro-
vascular complications of diabetes. Thus, we investigated the effects
of treatment-achieved HbAlc on the incidence of CAD and
treatment-required diabetic eye disease (TRDED) in four treatment
groups, i.e. diet only, insulin (INS), sulfonylurea (SU) and
antihyperglycemic agents other than glinides, SU, or INS.
Materials and methods: We analyzed data using a nationwide claim-
based database that included 296,504 people who belong to a health
insurance provider for company employees and their dependents in
Japan. Participants aged 18—72 years between 1 April 2008 and 31
March 2013 were included, with the final follow up ending 31 August
2016. Of the 295,570 individuals with available data, data were analyzed
on 14,633 without CAD at baseline and with health examination data that
included blood tests. Treatment modalities were classified into four
groups: diet only, INS, SU, and antihyperglycemic agents other than
glinides, SU or INS. Treatment-achieved HbA 1¢ was categorized as fol-
lows: <7.0, 7.1-8.0, and >8.0. Cox regression model identified variables
related to the incidence of CAD and TRDED according to treatment
modalities and HbA I ¢ category.

Results: A significant linear trend in the association between HbAlc and
CAD events was only seen in the diet only group. Significantly higher
risks for CAD were observed in the INS and SU groups whose HbAlc
was <7.0% or >8.0% compared to diet only group patients with HbAlc
<7.0%. Conversely, risk for TRDED was strongly dependent on achieved
HbA ¢ regardless of treatment modalities. However, risks of TRDED did
not differ significantly between categories of <7.0% and 7.1-8.0% among
SU and INS groups.

Conclusion: These results implied the necessity of setting different target
HbA1c goals according to treatment modalities for prevention of micro-/
macrovascular complications.
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Effect of preoperative metformin use on lactate levels in patients with
type 2 diabetes undergoing coronary artery bypass graft surgery
S.K. Mishra', T. Bano', M.S. Kuchay', Y. Mehta®, A. Mithal';
'Division of Endocrinology & Diabetes, Medanta The Medicity Hospital,
Gurugram- Delhi NCR, “Institute of Critical Care and Anesthesiology,
Medanta The Medicity Hospital, Gurugram- Delhi NCR, India.

Background and aims: Lactic acidosis is one of the rare but serious
complications associated with metformin use. Relative hypoxemia and
hypovolemia during major surgery are risk factors for lactic acidosis in
patients with diabetes. Guidelines regarding perioperative use of metfor-
min are debatable. According to some guidelines, metformin should be
withdrawn 48 hours before major surgery. Therefore, current study was
undertaken to examine whether perioperative use of metformin is associ-
ated with increased risk of lactate levels.

Materials and methods: In this prospective observational study, 1,800
consecutive subjects who underwent CABG surgery were enrolled from
November 2015 to October 2017. A total of 860 subjects with elective
CABG surgeries were included for final analysis; out of which 426
(49.5%) patients with type 2 diabetes received metformin (group 1), 263
(30.5%) subjects with type 2 diabetes were non metformin users (group 2)
and 171 (19.8%) patients were having no diabetes (group 3). Subjects
with eGFR <30 ml/min/1.73%> (MDRD formula), severe left ventricular
ejection fraction (<30%), overt thyroid dysfunction and hemodynamic
instability were excluded. Metformin was continued till night before sur-
gery in eligible subjects. Lactate levels were monitored using arterial
blood gas (ABG) machine RADIOMETER ABL 800 BASIC. ABG
was done in preoperative period, immediate postoperative period, and
then every 6 hourly for 24 hrs. Other parameters recorded included pH,
PCO2 and bicarbonate. Student t test was used for comparison of individ-
ual quantitative parameters. One-way- analysis of variance ANOVA was
used to test the difference between the means of different groups.
Results: Baseline characteristics were similar between groups for age,
gender and body mass index. There was increased prevalence of hyper-
tension, triple vessel coronary artery disease, chronic kidney disease and
low ejection fraction amongst patients with type 2 diabetes as compared
to patients with no diabetes. Intra-operatively there was no difference
between groups with respect to type of CABG surgery (on pump or off
pump) and use of venous or radial grafts. In all groups there was increase
in lactate levels and decrease in pH and bicarbonate levels postoperative-
ly. Mean preoperative pH in groups 1, 2 and 3 were 7.43, 7.44 and 7.40
respectively. Mean postoperative pH in groups 1, 2 and 3 were 7.40, 7.40
and 7.40 respectively. There was no significant difference between groups
in postoperative pH. Mean preoperative lactate levels (mmol/l) in groups
1, 2 and 3 were 1.66, 1.64 and 1.48 respectively. Mean postoperative
lactate levels in groups 1, 2 and 3 were 1.94, 2.06 and 2.04 respectively.
There was no statistical significance for lactate levels among metformin
users (group 1) and non-diabetes patients (group 1 vs. 3, p =3 =0.138).
Similarly, there was no difference for lactate levels between group 2
(diabetes without metformin) vs. group 3 (no diabetes) (p =0.740).
Although there was significant change in lactate levels between group 1
vs. group 2 (p =0.032), but the change in lactate levels was well below
the cut-off for lactic acidosis.

Conclusion: Current study suggests that continuation of metformin in
preoperative period is not associated with raised lactate levels in subjects
undergoing CABG surgery.

Disclosure: S.K. Mishra: None.
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Intermittent fasting delays the progression of cardiomyopathy in a
pre-diabetic obese rat model
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Background and aims: Diabetes increases the risk for heart failure by
two to three times. Alterations in cardiac substrate metabolism in diabetes
have been thought to contribute to the development of diabetic cardiomy-
opathy. Caloric restriction has been proposed to be beneficial for cardio-
metabolic health. In this study, we investigated the effects of caloric
restriction via intermittent fasting (IF) on cardiac function and metabo-
lism in pre-diabetic obese spontancously hypertensive heart failure-prone
(SHHF) rats.

Materials and methods: Pre-diabetic obese SHHF rats (10 weeks of age)
were randomly divided into non-fasting group (N = 8) and IF group (N =
7). IF group was fasted for 24 hours on alternate days for a period of six
months. At 5 weeks and 6 months of IF, magnetic resonance imaging
(MRI) was performed to measure left ventricular mass (LVM) and ejec-
tion fraction (EF). In addition, at 6 months of IF, cardiac B¢ magnetic
resonance spectroscopy (MRS) was performed to measure cardiac pyru-
vate utilization in vivo, by quantifying the production of downstream
metabolites (i.e. [1—]3C] lactate, [1—13C] alanine, and [1—]3C] bicarbonate)
within 2 minutes after hyperpolarized [1-'>C] pyruvate injection. Blood
glucose, FFA, TG, and insulin were determined at 6 months of IF.
Statistical significance was determined using Student’s t-test for data with
a single time point, and using a repeated measures ANOVA with
Bonferroni post hoc test for data with more than one time points.
Results: After 6 months of IF, body weight gain was 46% less in IF rats
than in non-fasting rats (P <0.001). In IF rats, fed blood glucose levels
tended to be 30% lower than in non-fasting rats (P =0.06), while fed
serum FFA, TG, and insulin levels were 61%, 40%, and 85% lower
compared with non-fasting rats (P =0.014, P <0.001, P =0.021, respec-
tively), which suggests an improvement of insulin sensitivity in the IF
rats. Non-fasting rats exhibited progressive LV hypertrophy as indicated
by an increase in LVM/tibia length (LVM/TL) by 44% and 115% at 5
weeks (P <0.001) and 6 months of study period (P <0.001) compared
with baseline, respectively. The increase in LVM/TL in non-fasting rats
was accompanied by a 6% decrease in EF at 6 months of study period
(P =0.032 vs. baseline). In contrast, the increase in LVM/TL was lower in
IF rats (i.e. 25% and 76% at 5 weeks (P =0.011) and 6 months of IF (P <
0.001) compared with baseline, respectively), while EF was maintained
(P >0.99 at 6 months of IF vs. baseline). At 6 months of IF, the produc-
tion of [1-"*C] bicarbonate upon injection of [1-'>C] pyruvate was 33%
higher in IF rats than in non-fasting rats (P =0.042), which indicates
higher cardiac pyruvate dehydrogenase (PDH) flux in the IF rats. The
production of [1-'3C] alanine was 48% higher in IF rats compared with
non-fasting rats (P <0.001), while the production of [1-'>C] lactate was
not altered in the IF rats (P =0.109 vs. non-fasting rats).

Conclusion: Six months of IF delays the progression of LV hypertrophy
and prevents cardiac dysfunction in pre-diabetic obese SHHF rats, which
may be associated an improvement in insulin sensitivity and an increase
in cardiac pyruvate utilization. Our results suggest that IF may improve
cardiac-metabolic health by modulating cardiac substrate metabolism.
Supported by: A*STAR Biomedical Research Council

Disclosure: D. Abdurrachim: None.
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Effects of different types of physical activity on metabolic control in
type 1 diabetic patients

I. Stotl’, T. Kambic?, A. Zdolsek?;

"University Medical Centre Ljubljana, Ljubljana, *Faculty of Sport,
University of Ljubljana, Ljubljana, Slovenia.

Background and aims: Physical activity (PA) has an important role
in treatment of patients with type 1 diabetes. Research shows that
PA doesn’t usually affect HbAlc, but it can increase the frequency
of hypoglycaemia in type 1 diabetic patients. Non-exercise activity
thermogenesis (NEAT) represents the additional energy expenditure
besides active sports-like exercise and resistance training in daily
life. To date the effect of NEAT in patients with type 1 diabetes
was not investigated; therefore the aim of this study was to deter-
mine the effects of PA and NEAT on metabolic control in this group
of patients.

Materials and methods: A total of 109 subjects with type 1 diabetes (55
women and 54 men) - average age of 38 + 10 years, average weight of
77.33+15.70 kg, HbAlc 7.03£0.89 were included in the study.
Participants were asked to complete multiple PA questionnaires, includ-
ing NEAT questionnaire, WHO physical activity questionnaire and
hypoglycaemia questionnaire. Clinical data such as frequency of
hypoglycaemia, insulin therapy, HbA Ic, blood pressure and serum lipid
profiles were also obtained to investigate the relationship with PA and
NEAT score.

Results: Regression model predicting levels of HbAlc from total
amount of PA (WHO, combined moderate and vigorous PA) re-
vealed positive multiple correlation between total PA and HbAlc
levels (r=0.20), while the regression model was not significant.
After total amount of PA was separated into moderate and vigorous
PA only the latter was significantly correlated with HbAlc (r=
0.20; P <0.05). There was a significant regression model
predicting HbAlc from NEAT score (p <0.05) with positive cor-
relation between NEAT score and HbAlc (r=0.23; P <0.05).
Moreover, a regression model predicting frequency of
hypoglycaemia from NEAT score was borderline significant (P =
0.051), whereas correlation between NEAT score and frequency of
hypoglycaemia was negatively significant (r=-0.198; P <0.05). A
significant regression model (P <0.01) was obtained when
predicting systolic blood pressure from moderate, vigorous PA
and NEAT score. Beta coefficient showed significant effect of vig-
orous PA (6=0.36; P <0.01) and NEAT score (3=-0.31; P <
0.01) on systolic blood pressure levels. Similar effects and corre-
lations were not obtained when the predictions of diastolic blood
pressure were made. There was a significant negative correlation
between vigorous PA (r=—0.31; P <0.05) and total serum choles-
terol (r=-0.301; P <0.05), while NEAT score and moderate PA
were not significantly correlated with total cholesterol levels.
Furthermore, a significant regression model (P <0.05) was obtain-
ed when serum value of low-density lipoprotein (LDL-C) was pre-
dicted from moderate, vigorous PA and NEAT score. Vigorous PA
(r=-0.324; P <0.05) and NEAT score (r=-0.229; P <0.05) were
significantly correlated with (LDL-C) levels. Additionally, when
predicting serum levels of high-density lipoprotein (HDL-C) and
triglycerides from combined PA and NEAT score, no significant
effects or correlation were observed.

Conclusion: Our data suggest that higher amount of NEAT is associated
with lower frequency of hypoglycaemia, lower systolic blood pressure,
lower LDL-C and higher HbAlc in type 1 diabetic patients. We have also
demonstrated a positive metabolic effect of vigorous PA levels on total
serum cholesterol and LDL-C concentration.

Disclosure: 1. Stotl: None.
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Combined effects of timing of exercise and high intensity exercise on
plasma NEFA, glucose and insulin concentrations in type 2 diabetic
and prediabetic men

P. Calders', B. Lapauw?, S. Shadid®, B. Celie';

"Rehabilitation Sciences and Physiotherapy, University of Ghent, Ghent,
2Endocrinology, University Hospital of Ghent, Ghent, *Endocrinology,
University Hospital of Ghent, Ghent, Belgium.

Background and aims: Exercise is beneficial in type 2 diabetes (T2DM),
but both the preferred exercise type (continuous or interval) and timing of
exercise (fasted versus fed) is still on debate. Postprandial continuous
exercise has been shown to acutely blunt glycaemia in both healthy per-
sons and patients with T2DM, while exercising in the fasted state did not
affect glycaemia. There are no available data about the effects of fasted
state continuous exercise in T2DM. In a healthy population this exercise
type acutely increases free fatty acid concentration in both fasted and
postprandial state. Considering this lack of knowledge and because there
are no data available on the effects of an acute high intensity exercise bout
(HIT) in T2DM patients, the aim of this study was to evaluate the effect of
HIT on glucose, insulin and NEFA concentration in fasted versus post-
prandial state in patients with pre(diabetes and T2DM.

Materials and methods: We have studied 11 adult overweight or obese
males with prediabetes or T2DM, defined as an HbAlc >6.0%, using
metformine monotherapy (n =9) or diet/exercise (n =2). Patients were tested
three times. First, they performed an incremental exercise test until exhaustion
on a cycle ergometer to evaluate maximal oxygen consumption (VO2max).
The second and third test (cycling), consisted of 3 minutes warming up at
50W, followed by 20 minutes HIT (ten times: 60 seconds at 80% of VO2max
and 60 seconds at 50 Watt), finishing with 40 minutes recovery (including 3
minutes cooling down). Exercise tests were carried out in fasted or postpran-
dial state (90 minutes after a standard meal (carbohydrates: 56%; fat: 22%;
proteins: 22%)). Nutritional status was randomized. Glucose, insulin and non-
esterified fatty acids (NEFA) were measured before and after warming up,
after 10, 20 minutes of HIT and 40 minutes recovery in a venous blood
sample. Data are expressed as mean (SD). A Repeated measures ANOVA
was executed with post hoc Sidak to evaluate interaction effects (time *
condition) and time effects. Significance level was set at P < 0.05.

Results: Patients had a mean age of 42 (5.6) years; a mean BMI of 31.9
(5.11) kg/mz, an HbAlc of 6.6 (0.49) % and a relative maximal oxygen
uptake of 21.4 (5.33) ml/kg min. Glucose, insulin and NEFA concentration
in fasting and postprandial condition (fig 1): Glucose and insulin concen-
tration decreased significantly in postprandial state during HIT (P <0.05
versus pre-HIT), but remained stable in the fasting state. Resting NEFA
concentrations were increased in the fasting versus the postprandial con-
dition (P < 0.05) and remained stable during HIT (P < 0.05).
Conclusion: Postprandial interval exercise possesses the ability to blunt post-
prandial glycaemia in patients with prediabetes and T2DM while NEFA
concentrations are higher in the fasted state but remain stable during HIT.

Glucose (mg/dl)

—

_— Fasting

Postprandial

*: P<0,05 compared to rest
#: P<0,05: compared to postpradial

Disclosure: P. Calders: None.
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Interleukin-6 blockade ameliorates the effect of exercise on cardiac
fat in abdominally obese individuals

R. Christensen', L. Lang Lehrskov', A.-S. Wedell-Neergaardl, R.
Krogh—Madsenl, K. Karstoft!, H. Ellingsgaard], J. Rosenmeier?, B.K.
Pedersen';

"The Capital Hospital of Denmark, Copenhagen, *Bispebjerg Hospital,
Copenhagen, Denmark.

Background and aims: Excessive cardiac adipose tissue has been asso-
ciated with the incidence and severity of type 2 diabetes and cardiovas-
cular disease. Exercise training reduces cardiac adipose tissue and may
therefore be a strategy to prevent type 2 diabetes and coronary heart
disease. The underlying mechanisms for exercise-mediated adaptations
of cardiac fat are unclear, but may involve actions of interleukin-6 (IL-6).
IL-6 is a myokine which is released in response to exercise and it has been
shown to increase lipolysis in adipose tissue. Whether this mechanism is
operative in cardiac adipose is unknown. Therefore, the aim of this study
was to investigate whether blocking of IL-6 can ameliorate the effects of
exercise on cardiac fat volume.

Materials and methods: This was a 12-week, double-blinded,
randomised, placebo-controlled exercise and drug intervention trial. 52
abdominally obese participants were enrolled to endurance exercise (3 x
sessions per week of interval-based high-intensity training of 70-85% of
VO, max) or no exercise groups combined with IL-6 blockade
(Tocilizumab, 8 mg/kg, toci) or placebo (saline). Cardiac fat volume
was assessed by MRI at baseline and post intervention. Data is expressed
as mean + SD. A 2-way ANCOVA was used to assess whether IL-6
blockade influenced the effect of exercise on cardiac fat.

Results: 13 (25%) were men, with an age average of 44 + 13 years.
Baseline mean cardiac fat was 203 + 111 ml. There were no differences
in baseline cardiac fat levels between participants (p =0.07). Cardiac fat
was reduced by 16% (95% CI —31; —1, p =0.041) after 12 weeks of
endurance exercise compared to no exercise (Figure 1). The reduction in
cardiac fat was ameliorated in the group that exercised and received IL-6
blockade (p =0.021). IL-6 blockade alone did not lead to any significant
changes on cardiac fat in groups that did not exercise (p = 0.083) (Figure 1).
Conclusion: In a randomised placebo-controlled exercise and drug inter-
vention we found that IL-6 blockade can ameliorate the effects of exercise
on cardiac fat in abdominally obese individuals. These data suggest IL-6
is required to mediate the adipose reducing effects of exercise specifically
on cardiac adipose tissue.
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Contraction-induced changes in mitochondrial function and insulin
sensitivity of myocytes rely on the functional Ndufb6é subunit of the
electron transport system complex I

T. Jelenik', S.W. G('irgensl, N. Krako Jakovljevicl, L. Rokitta!, N.M.
Lalic?, J. Eckel', M. Roden';

!German Diabetes Center, Duesseldorf, Germany, 2Faculty of Medicine,
University of Belgrade, Belgrade, Serbia.

Background and aims: Impaired mitochondrial function associates with
insulin resistance in skeletal muscle, yet causal relationships and under-
lying mechanisms are unclear. In humans, we have previously shown that
the G/G-single nucleotide polymorphism (SNP) in the Ndufb6 subunit of
the mitochondrial complex I relates to impaired mitochondrial plasticity
after exercise and insulin resistance. Here we hypothesize that reduced
Ndufb6 activity impairs oxidative capacity and inhibit insulin signaling in
contracted myotubes.

Materials and methods: C2C12 myotubes were treated with Ndufb6
siRNA to induce its knockdown (siNdufb6) or negative control siRNA
(NT). The myotubes underwent studies under basal, palmitate-treated,
and/or electrical pulse-stimulated (EPS) conditions, the latter simulating
muscle cell contraction (n =4-6). Mitochondrial oxidative capacity was
assessed in digitonin-permeabilized cells using high-resolution respirom-
etry. Reactive oxygen species (ROS) were detected by DCF fluorimetry.
Insulin signaling at the level of Akt phosphorylation was assessed at
baseline and in insulin-treated cells by Western blots.

Results: After 24 h of siRNA treatment, Nduftb6 mRNA and protein
levels were silenced by 70% (siNdufb6: 0.24+0.06 vs. NT: 0.82+0.15
AU; p <0.05) and by 40% (0.61 £0.07 vs. 0.99 +0.11; p < 0.05), respec-
tively. Complex I-linked state u respiration was 36% lower in siNdufb6
than in NT (211 + 15 vs. 327 + 19 pmol/s/10°cells; p < 0.05). While there
were no differences in respiration with octanoyl-carnitine, EPS-
stimulated complex I-linked respiration was markedly decreased in
siNdufb6 myotubes (271 = 10 vs. 435 + 34 pmol/s/10°cells; p < 0.001).
However, ROS production was 19% higher in siNdufb6 (p <0.01) and
not further stimulated by palmitate. In contrast to NT, EPS did not rescue
the palmitate-induced reduction in pAkt(Ser473), which was decreased
by 35% in siNdufb6 (0.72 £ 0.15 vs. 1.10£0.05 AU; p <0.01).
Conclusion: Reduced Ndufb6 activity redirects electrons from oxidative
phosphorylation towards electron leakage. Lower oxidative capacity and
higher ROS production could contribute to the impaired insulin sensitiv-
ity and lower exercise responsiveness, as observed in humans with the G/
G-SNP in the Ndufb6 gene.

Supported by: MIWF NRW, BMG, BMBF, DZD e.V., DDG, Dr.
Eickelberg Stiftung

Disclosure: T. Jelenik: None.
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Impaired exercise performance and glucose disposal in Thcld4-
deficient mice is rescued by regular exercise training

A. Chadt'?, C.A. Springerl’z, L. Toska', A. GrieR', S. Karpinskil, C.de
Wendt', M. Dille!, H. Backes®, A. Cremer’, J.C. Briining3, H. Al-
Hasani'*?;

!German Diabetes Center, Duesseldorf, 2German Center for Diabetes
Research (DZD), Diisseldorf, >Max Planck Institute for Metabolism
Research, Cologne, Germany.

Background and aims: The Rab-GTPase-activating protein TBC1D4
(=AS160) represents a key regulator of insulin-mediated glucose trans-
port into skeletal muscle and adipocytes. Moreover, as a direct target of
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AMPK, TBC1D4 plays a crucial role in contraction-dependent skeletal
muscle metabolism. In mice, Thcld4-deficiency leads to substantially
reduced levels of the insulin-responsive glucose transporter GLUT4 in
skeletal muscle and adipocytes. Recently, a muscle-specific loss-of-
function variant in the 7TBC1D4 gene was identified in the Greenlandic
population which defines a specific subtype of non-autoimmune diabetes
characterized by elevated post-prandial glucose levels. Our aim was to
elucidate whether regular exercise training can overcome the initial defect
in glucose disposal using 7hc/d4-deficient mice.

Materials and methods: Wildtype (WT) and Thcld4-deficient (D4KO)
mice were fed a high-fat diet (HFD) with 60% fat from calories from
week 8 on, and subjected to forced exercise training on treadmills for 4
weeks starting from week 12. Glucose sensitivity and physical condition
were determined and compared with sedentary controls. Ex vivo analyses
of skeletal muscle and adipose tissue and in vivo PET (Positron-emission
tomography) imaging were conducted to determine insulin responsive-
ness of peripheral tissues. Statistical analysis was performed using two-
way ANOVA.

Results: Sedentary D4KO mice showed impaired physical activity dur-
ing an acute exercise exhaustion test that was rescued after 4 weeks of
treadmill training (trained vs sedentary D4KO; 8.2+ 0.3 vs 9.5+ 0.4 min,
n =8, p <0.05). In addition, glucose and insulin tolerance were signifi-
cantly improved in D4KO mice following the exercise intervention (AUC
trained vs sedentary D4KO; glucose tolerance: 464.2 +29.4 vs 333.7 +
8.1 a.u., n=8-9, p <0.05; insulin tolerance: 580.1 £ 15.6 vs 472.0£25.5
a.u., n =8, p <0.001). Interestingly, no compensation for the initial re-
duction in GLUT4 protein abundance nor for the impaired insulin-
stimulated glucose uptake in skeletal muscle was achieved due to the
exercise training. In contrast, total GLUT4 protein content and insulin-
stimulated glucose transport were substantially increased in white adipose
tissue from D4KO animals (trained vs sedentary D4KO; GLUT4 protein:
56.94+6.6 vs 91.1£9.6 a.u., n =12-15, p <0.05; insulin-stimulated glu-
cose uptake: 52.2+8.1 vs 148.7 £36.8 CPM/mg lipid, n = 12; p <0.01),
completely ameliorating the initial impairment caused by the Thcld4-
deficiency. Moreover, gene expression of a set of browning factors such
as Ucp-1 and Cidea were significantly elevated in white adipose tissue
from trained D4KO mice, indicating enhanced mitochondrial activity.
Conclusion: In summary, our results demonstrate that deletion of the
RabGAP TBC1D4 leads to impaired physical activity, presumably due
to reduced glucose uptake into skeletal muscle and adipose tissue. After
treadmill training, D4KO mice were able to normalise their exercise per-
formance, glucose and insulin tolerance, respectively, to a degree compa-
rable to WT controls. We show that the adipose tissue is responsible for
these beneficial effects, potentially by a combination of pathways leading
to increased GLUT4 content and enhanced mitochondrial activity.
Disclosure: A. Chadt: None.
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Roles of neutrophils and IL-1 in intramuscular immunometabolic
niche for priming GLUT4 translocation during exercise

M. Kanzaki', S. Sekiai', H. Hatakeyamal, C. Chaweewannakomn?, K.
Sasaki?, Y. Hagiwara3 , E. Ttoi®, M. Tsuchiya4;

'Biomedical Engineering, Tohoku University, Sendai, *Graduate School
of Dentistry, Tohoku University, Sendai, *Orthopaedic Surgery, Tohoku
University, Sendai, “Tohoku Fukushi University, Sendai, Japan.

Background and aims: Immunomodulation of metabolism involving
pro-inflammatory interleukin-1 (IL-1) has been intensively investigated
under unfavorable conditions of excess nutrition such as obesity, and
obesity-induced low-grade chronic inflammation involving IL-1 has been
widely implicated as a detrimental factor in insulin resistance. Recently,
however, employing a masticatory behavior (Restrained/Gnawing) mod-
el, we demonstrated that mice deficient in both IL-1x and IL-13 (IL-1-
KO mice) exhibited apparent dysregulation of muscle glucose uptake
with accompanying ease of fatigability during masseter muscle activity

(PLoS ONE, Chiba et al 2015). Our previous study also revealed that
neutrophils producing IL-13 were markedly recruited within working
masseter muscles. To further explore our findings, the present studies
were designed to clarify the favorable IL-1 actions and its underlying
mechanism on the working skeletal muscles by using the running-
wheel-based exercise model and electric pulse stimulation (EPS)-evoked
in situ muscle contraction.

Materials and methods: We examined IL-1-KO mice and neutrophil-
depleted mice, focusing on muscle GLUT4 translocation, by utilizing the
running-wheel-based exercise model and EPS-evoked in situ muscle con-
traction model.

Results: Upon 2h of walking exercise, IL-1-KO mice displayed rapid
exhausted behavior attributable to the dysregulation of exercise-
stimulated GLUT4 translocation and glucose uptake along with the de-
pletion of intramuscular glycogen. We also found in WT mice that neu-
trophils producing IL-1(3 were markedly recruited within the working
skeletal muscle tissues such as quadriceps femoris muscles (QFMs). To
directly investigate significance of the neutrophils, we utilized the
neutrophil-depleted mice and found that neutrophil depletion resulted in
essentially the same phenotypes with IL-1 KO mice in terms of the
undermined walking performance in accordance with the impaired
exercise-dependent glucose uptake. Intravital-imaging analysis using
the skeletal muscle-specific GLUT4-EGFP-expressing transgenic mice
demonstrated that EPS-evoked in situ contraction promptly induced
GLUTH4 translocation to sarcolemma and T-tubules, which was remark-
ably blunted in the neutrophil-depleted mice. Biochemical analysis of
exercise-related intracellular signals demonstrated that both IL-1-KO
mice and neutrophil-depleted mice displayed obvious derangements in
the Racl signaling cascades, while no obvious defects in the AMPK
signaling cascade, including Tbcldl (Ser237) phosphorylation, were
observed.

Conclusion: Taken together, these findings shed new light on the roles of
IL-1 and neutrophils, which emerges to be positively involved in exerting
exercise-dependent responses especially on muscle glucose homeostasis
via GLUT4 translocation. Importantly, these metabolic benefits involving
both IL-1 and neutrophils directly engaged in fatigue alleviation of the
working skeletal muscles.

Supported by: KAKENHI

Disclosure: M. Kanzaki: None.
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OP 18 From stem cells to human pancreas de-
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A new dual reporter embryonic stem cell line for the purification of
SOX9-positive pancreatic progenitors

0. Naujok, C. Davenport, J. Kresse, U. Diekmann;

Institute of Clinical Biochemistry, Hannover Medical School, Hannover,
Germany.

Background and aims: The high mobility group box transcription
factor SOX9 is involved in the maintenance of embryonic and adult
ducts cells, which are believed to serve as a pool for NGN3-positive
endocrine progenitors committed to islet progeny. In order to ana-
lyze the role of SOX9 during pancreatic differentiation of human
embryonic stem cells (ES cells) we sought to establish a conserva-
tive dual reporter cell line by means of CRISPR/Cas9-mediated
homology directed repair. This reporter line shall give insights into
developmental processes during human pancreatic organogenesis
and pave the way for the purification of pure pancreatic cells by
magnetic or fluorescence-activated cell sorting.

Materials and methods: Three sgRNAs targeting +15 bp next to the
stop codon of the SOX9 locus were cloned and validated by the
T7El-assay. Then HES3 ES cells were nucleofected with the func-
tional CRISPR/Cas9 and a targeting vector comprising a P2A-H-
2KK-F2A-GFP2 gene cassette flanked by 500 bp 5’ and 3’ homol-
ogy arms. A floxed hygromycin gene was used for clonal selection
of targeted cells. Cell clones were then screened by PCR and DNA
sequencing and then the functionality of the knock-in was tested by
differentiation into pancreatic endoderm using an adopted differen-
tiation protocol.

Results: Out of three designed CRISPR/Cas9 the sgRNA T5 effec-
tively introduced DSBs into the SOX9 locus of the HEK293 model
cell line. The nucleofection of HES-3 embryonic stem cells with T5
and the HDR vector yielded after selection in 48 cell clones from
which 32 showed a homozygous integration, 7 a heterozygous inte-
gration, and 9 clones that were only resistant to hygromycin without
homology directed repair. All tested clones activated GFP2 upon
differentiation into pancreatic endoderm. The HES3 SC30 clone
was then used for further characterization. GFP2-positive cells ap-
peared after PDX1-positive duodenal cells at d§8 with a peak of 50—
60% positive cells at day 12—13 of differentiation as measured by
flow cytometry. FACS-sorted GFP2-positive cells expressed SOX9,
PDX1, HNF6, and NKX6.1 but not NGN3 whereas GFP2-negative
cells remained largely negative for these markers. GFP2-positive
cells also expressed the surface antigen H-2KK which allowed sim-
ple MACS-assisted cell purification. Further differentiation of
SOX9/H-2KK/GFP2-positive cells showed that these cells are high-
ly capable of endocrine differentiation into insulin/C-peptide-posi-
tive and glucagon-positive cells.

Conclusion: In summary, this study reports the derivation of a new
ES dual reporter cell line which comprises the knock-in of the fluo-
rescence reporter GFP2 and the surface antigen H-2KK into the
SOX9 locus. Due to the design of the targeting vector, the SOX9 locus
remains unharmed so that GFP2 and H-2KK are expressed along with
SOX9 under the control of the endogenous gene promoter. The anal-
ysis of GFP2-expressing cells showed that they co-express SOX9,
PDX1, HNF6, and NKX6.1, all markers of the pancreatic endoderm.
The duality of the reporter gene knock-in allows the purification by
magnetic or fluorescence-activated cell sorting. Thus, we conclude
that this cell line is a powerful tool to study the mechanisms of duct-
to-islet conversion during pancreatic development. Furthermore, this
cell line can be used to purify pancreatic endodermal cells for cell
replacement therapy of diabetes.

Supported by: DFG project # 329435715

Disclosure: O. Naujok: None.
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PKC activation promotes resolution of polyhormonality toward al-
pha cell fate in human pluripotent stem cell (HPSC) derived alpha
cells

B. Tyrbergl, Q.P. Peterson2‘3, A. Veresz, J. Kenty—Ryuz, M.Q. Slama3, L.
Chen', Q. Zhou?, M.R. Brown’, A. Matveyenko3 , M. Sorhede-Winzell',
D.A. Meltonz;

'Cardiovascular, Renal and Metabolism, IMED Biotech Unit,
AstraZeneca, Molndal, Sweden, 2Stem Cell and Regenerative Biology,
Harvard University, Cambridge, USA, *Physiology and Biomedical
Engineering, Mayo Clinic, Rochester, USA.

Background and aims: HPSCs holds great promise as a source of spe-
cialized cells for drug discovery and mechanistic interrogation of cell
signaling. In diabetes research pancreatic endocrine cells are critical when
studying hormone secretion and cell proliferation/survival, but primary
cell supply is scarce. Currently, only insulin-producing beta-cell lines and
beta-cell HPSC protocols are available. Therefore, we aimed to develop a
differentiation protocol specifically generating alpha-cells.

Materials and methods: We have developed a protocol to differentiate
glucagon-producing alpha-cells from HPSCs based on our previously
published beta-cell differentiation protocol. We substantially modified
stage 4-5 of the protocol driving alpha-cell differentiation only by BMP
and ALKS5 inhibition (LDN193189, SIN2511). Briefly, for the phenotyp-
ic screen of HPSCs in differentiation stage 6, we plated cells in 384-well
plates and treated with compounds for 4 days. We examined the differ-
entiated alpha-cells in vitro for glucagon secretion and in vivo following
transplantation into immunodeficient mice.

Results: Like primary cells, these alpha-cells secrete glucagon in re-
sponse to low glucose (low glucose: 0.51+0.2 pM per 1000 cells vs.
high glucose: 0.28 +0.1 pM per 1000 cells, P <0.05), and their ultra-
structure resembles primary human alpha-cells. Following transplanta-
tion, mice demonstrate elevated fasting blood glucose (7.5 £ 0.5 mM vs.
5.6+0.4 mM, P <0.05) and transplanted cells prevent hypoglycemia in
response to insulin. Surprisingly, the cells are bihormonal in vitro and also
express insulin, although not secreting insulin (alpha cells: 0.08 +
0.04 pIU/ml per 1000 cells vs. human islets: 10.6 +0.3 plU/ml per
1000 cells, P < 0.05). We hypothesized that the cells are not fully mature
and that interfering with the appropriate signaling pathway would convert
the cells to monohormonal alpha-cells. In a phenotypic screen with the
bihormonal alpha-cells we found that the PKC activator PdbU increase
glucagon expression and diminish insulin expression. By modifying stage
6 of the differentiation protocol with PdbU we now achieve 46 +4%
monohormonal alpha-cells instead of 23 + 3% without PdbU treatment.
Conclusion: We have developed the first HPSC differentiation protocol
that generates monohormonal alpha-cells in large quantities. This com-
plements HPSC derived beta-cells and makes possible recreation of hu-
man islet mini-organs with multiple endocrine cell types and intact para-
crine signaling. The cells are consequently suitable for drug discovery
and interrogation of human alpha-cell biology that has hitherto not been
possible.

Supported by: AstraZeneca, NIDDK

Disclosure: B. Tyrberg: Employment/Consultancy; AstraZeneca.
Grants; AstraZeneca.
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Endocrine cell specification and beta cell maturation require the
transcriptional co-activator MED1S

AZ. Kadhim], E.E. Xuz, T. Speckmannz, C. Nianz, R. Cullen', R. Shiz,
D.S. Luciani®, S. Taubert', F.C. Lynn*;

"Medical Genetics, The University of British Columbia, Vancouver,
ZSurgery, The University of British Columbia, Vancouver, Canada.

Background and aims: The Mediator complex, a co-regulator required
for RNA polymerase II activity, interacts with specific transcription
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factors through distinct subunits such as MED15. These interactions pro-
mote the expression of defined gene sets both during development and for
tissue homeostasis. As MEDIS5 is highly expressed starting in nascent
immature beta cells, we generated several developmental stage specific
knockout mice to determine a role for MED15 during pancreatic islet
differentiation. The results obtained from these lines will allow us to
dissect when and where MEDIS5 is required for beta cell differentiation,
maturation and function.

Materials and methods: We crossed Pdx/-Cre, Neurog3-Cre, and Ins1-
Cre transgenic mice with Med 15" mice to delete Med15 in pancre-
atic progenitors, endocrine progenitors, and beta cells, respectively. RNA-
Sequencing, Tagman, and immunofluorescence analyses were performed
to determine changes in expression in these knockout models. Glucose
uptake assays were performed using fluorescent glucose 2-NBDG, and
insulin secretion along with mitochondrial activity were assessed via
perifusion and Seahorse XF extracellular flux analyzer, respectively.
Co-immunoprecipitation (ColP) in mouse insulinoma (MING6) cells was
used to identify MED15 interacting partners. Chromatin immunoprecip-
itation followed by sequencing (ChIP-Seq) in MING6 cells and primary
islets was used to determine MED15 genomic occupancy.

Results: In the PdxI-Cre model, we observed a reduction of Neurog3*
cells, demonstrating that MED15 is required for endocrine progenitor
specification. As expected, 8-week old mice showed reduced viability,
were glucose intolerant, and had fasting hyperglycemia. The Neurog3-
Cre; Med15KO mice showed a 50% reduction in beta cell mass (student’s
t test, p <0.05). Transcriptome profiling demonstrated that MED15 is
required for expression of the beta cell maturation markers UCN3,
IAPP, MAFA, and GLUT?2 in the Ins/-Cre model. In agreement with
reduced GLUT2 expression, Ins/-Cre; Medl5 KO cells had impaired
glucose uptake, reduced glucose-stimulated oxygen consumption, and
reduced first-phase insulin secretion. Using native ColP experiments in
MING cells, we found that MED15 interacts with NKX6-1. Furthermore,
MED15 was found to bind NKX6-1 bound enhancer loci, both in MIN6
and mouse islets. As such, we conclude that MED15 drives beta cell
maturation by interacting with the transcription factor NKX6-1 at geno-
mic enhancer regions.

Conclusion: Taken together, these results demonstrate a critical role for
MED15 in endocrine lineage specification, differentiation, and beta cell
maturation. As the Mediator complex has not previously been studied in
the pancreas, we provide the first evidence of its importance in this tissue.
A greater understanding of how Mediator and MED15 regulate beta cell
maturation could help refine the generation of cell-based therapies for
diabetes.

Supported by: CDA

Disclosure: A.Z. Kadhim: Grants; Canadian Diabetes Association oper-
ating grant 2015-2018.
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GPRS56 is highly expressed by pancreatic progenitor cells and it reg-
ulates beta cell development and function

O.E. Olaniru, K. Toczyska, A.-M. Cujba, P. Atanes, R. Sancho, P.M.
Jones, S.J. Persaud;

Department of Diabetes, King’s College London, London, UK.

Background and aims: GPR56, the most abundant islet-expressed G
protein coupled receptor, is known to regulate proliferation, apoptosis
and organ development. We have previously reported that GPR56 acti-
vation by its endogenous ligand, collagen III, led to potentiation of
glucose-stimulated insulin secretion from islets. Here, we investigated
the expression and function of GPR56 in developing mouse and human
pancreases and determined the effect of a small peptide agonist of
GPR56, TYFAVLM, on {3-cell function.

Materials and methods: Using IHC and RNAscope in-situ hybridisation
(ISH), the expression of GPR56 and its co-localisation with PDX1%,
NGN3* and SOX9* progenitor cells was investigated in human fetal

pancreas (CS13, 10, 12, 14 and 17 post conception weeks) and mouse
pancreas at embryonic days El1, E13, E15, EI8 and at P9. GPR56
mRNA expression in pancreatic progenitors derived from human induced
pluripotent stem cells (hiPSCs) was determined by qPCR. Pancreas sec-
tions from WT and GPR56 KO mice were immunoprobed for Ki67,
BrdU, insulin, glucagon, and images were quantified by Image J.
Effects of 100 uM TYFAVLM on insulin secretion from human islets
were investigated by radioimmunoassay, while its effects on (3-cell apo-
ptosis and intracellular calcium [(Ca®*)i] were investigated by measuring
caspase 3/7 activities and calcium microfluorimetry respectively, in native
[3-cells and in B-cells in which GPR56 had been knocked down by
CRISPR-Cas9.

Results: ISH and IHC revealed that GPR56 was strongly expressed by
endocrine progenitor cells in developing mouse and human pancreas,
with high expression early in pancreas development and lower expression
as the cells differentiated (pancreas, % area GPR56" cells; E11: 0.87 +
0.04, E13: 0.85+0.06, E15: 0.36+0.08, E16: 0.15+0.05); (hiPSCs,
GPR56 mRNA relative to GAPDH; undifferentiated hiPSCs: 0.11 +
0.01, End stage (ES)1: 0.26+0.01, ES2: 0.36+0.01, ES3: 0.21+0.03,
ES4: 0.001 £0.003). GPR56 was then upregulated in pancreas at the
stage of B-cell replication (% area GPR56" cells; E18: 0.15+0.05, P9:
0.474+0.07, n = 10). The number of cells proliferating and remaining in
the cell cycle was significantly lower in GPR56KO islets at P9
(BrdU*Ki67* cells/um?®; WT: 115.9+18.2, KO: 50.9+6.3, n =3, p <
0.05), leading to less 3-cells (% B-cells/islet; WT: 68.5£0.8, KO: 54.8 £
3.0,n=3, p<0.05), but higher numbers of «-cells in GPR56KO islets (%
a-cells/islet; WT: 17.7+£0.9,K0:33.7£2.8,n=3,p<0.01). TYFAVLM
increased [(Ca2+)i] in WT f-cells but not in GPR56KO -cells (basal to
peak ratio; WT, 2mM glucose: 0.02+0.01, +TYFAVLM: 0.13+0.01,
n=3,p<0.01; KO, 2 mM glucose: 0.01 £0.003, +TYFAVLM: 0.02 +
0.001, p >0.2) and it potentiated glucose-induced insulin secretion from
human islets (Insulin pg/islet/min; 2 mM glucose: 3.21+0.3, 20 mM
glucose: 5.25+0.72, 20 mM glucose+TYFAVLM: 12.2+1.85, n =3,
p <0.05). TYFAVLM protected WT {3-cells from cytokine-induced apo-
ptosis, but had no effect in GPR56KO (-cells (luminescence values; WT,
control: 306,910+ 11,301, +TYFAVLM: 268,499 + 11,315, +10% FBS:
158,668 + 8,151, n =8, p <0.0001; KO, control: 177,575 +9208,
+TYFAVLM: 187,823 +10,620, +10% FBS: 104,482 +10,932, n =8,
p>0.1).

Conclusion: Our data suggest that GPR56 plays an important role in islet
development, and it is required for an appropriate o-/3-cell ratio in islets.
Moreover, GPR56 is activated by TYFAVLM to stimulate insulin secre-
tion and protect 3-cells from apoptosis.

Supported by: Diabetes UK, Society for Endocrinology, Human
Developmental Biology Resource

Disclosure: O.E. Olaniru: None.
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Modelling congenital hyperinsulinism in patient stem cell derived
beta like cells

V. Lithovius, J. Saarimiki-Vire, D. Balboa, J. Ustinov, S. Eurola, H.
Grym, T. Otonkoski;

Biomedicum Stem Cell Center, University of Helsinki, Helsinki, Finland.

Background and aims: Mutations in the genes encoding the K orp-chan-
nel of the pancreatic beta cell are the most common cause of congenital
hyperinsulinism (CHI). In Finland, the most common single cause is the
ABCCS8 mutation V187D, which leads to a trafficking defect of the SUR1
protein, causing a drug resistant, severe form of the disease, characterized
by continuous insulin secretion regardless of blood glucose concentra-
tion. Our objective was to recapitulate this CHI phenotype with patient
induced pluripotent stem cell (iPSC) -derived beta-like cells in vitro and
in a humanized mouse model. This model can be used to investigate the
effect of the Karp-channel defect on the development, function, prolifer-
ation and apoptosis rates of human beta cells in vitro and in vivo. The

@ Springer



S56

Diabetologia (2018) 61 (Suppl 1):51-S620

model also enables future studies in testing novel pharmaceuticals and
PET-tracers for improved management and diagnostics of CHI.
Materials and methods: iPSCs were derived from a patient with severe,
diazoxide unresponsive diffuse CHI caused by homozygous ABCCS-
V187D -mutation. iPSCs from a healthy donor and the patient iPSCs
corrected with CRISPR/Cas9 technology were used as controls. The cells
were differentiated towards beta-cell fate, using a 7-stage, 35-day proto-
col which yielded islet-like clusters containing 20-40% insulin-positive
monohormonal cells (beta-like cells; BLCs). These were studied in vitro
with static sequential exposures to glucose and pharmaceuticals acting on
Karp-channels and other targets. The BLCs were transplanted to immu-
nocompromised NOD scid gamma mice and subjected to an insulin tol-
erance test 4 months after transplantation. The explanted grafts were
stained and quantitative analyses on the endocrine cell populations and
proliferation and apoptosis rates were conducted.

Results: Mutant BLCs failed to shut down secretion when exposed to
diazoxide as compared to healthy control cells (fold change to basal 1.00
+0.19 vs. 0.44+0.11 p <0.001) and did not increase secretion in re-
sponse to tolbutamide (fold change 0.91+0.25 n =5 vs. 1.56£0.31,
p <0.001, n =5). The mutant BLCs could inhibit their secretion in re-
sponse to clonidine and calcium chelation similarly to control cells. The
CHI-mice had lower fasting blood glucose (4.3 £ 1.6 vs. 7.6 2.3 mmol/l,
p <0.05) and higher human C-peptide (816 +298 vs. 152 + 58 pmol/l,
p <0.01). Most importantly, human C-peptide secretion was not inhibited
by insulin-induced hypoglycemia in the CHI-mice (reduction at 40 min
after insulin administration 13.5+26.7% n =5 vs. 73.8+11.6% n =8,
p <0.01). The CHI-explants had more insulin+ cells (47.7£9.7% vs.
19.2+13.3%, p <0.01) and fewer somatostatin+ cells (2.7+1.0% vs.
7.7+2.8%, p <0.05), there was no difference in the proliferation rate of
the explanted insulin+ cells. (All Mean +95%CI)

Conclusion: We have successfully recapitulated the CHI phenotype in
beta-like cells derived from patient iPSC and created a humanized mouse
model for CHI.

Supported by: Finnish Diabetes Association

Disclosure: V. Lithovius: None.
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New insights into beta cell development: a specific CNOT1 mutation
impairs early pancreatic and neurological development in both
humans and mice

A.T. Hattersleyl, R. Watson?, S.E. Flanaganl, S. Ellard’, H. Heimberg3,
A. Caliebe*, A. Deeb’, A. Green?, W.J. Weninger(’, E. De Franco', 1.
BaII'OSOZ;

1University of Exeter Medical School, Exeter, UK, *Wellcome Sanger
Institute, Hinxton, UK, 3 Vrije Universiteit, Brussels, Belgium, “nstitut
fuer Humangenetik, Keil, Germany, *Mafraq Hospital, Abu Dhabi,
United Arab Emirates, *Medical University of Vienna, Vienna, Austria.

Background and aims: Discovering the genes causing pancreatic agen-
esis in humans is crucial to identify factors needed for human pancreatic
and hence beta-cell development. To date we and others have identified 6
causes of pancreatic agenesis, many of which were not initially suspected
from mouse studies. We aimed to identify the genetic cause in patients
where the genetic actiology of pancreatic agenesis is not known as this has
the potential to give key insights into development of the human pancreas.
Materials and methods: We investigated 9 patients without an identified
aetiological mutation from an international cohort of 106 patients with
pancreatic agenesis. We performed exome sequencing on the DNA from
the cases and all available parents to allow detection of de novo hetero-
zygous mutations that represent the commonest causes of both pancreatic
agenesis and neonatal diabetes in patients born to unrelated parents. To
allow more detailed study of the mechanisms whereby the aetiological
gene caused pancreatic agenesis, we created a mouse line harbouring the
Cnotl mutation with CRISPR. The mouse model was phenotyped in
detail including volumetric measurement of the fetal pancreas.

@ Springer

Results: The same novel missense variant in CNOT1, p.(Arg535Cys),
was identified in 3 patients. This mutation was predicted to affect the
protein’s function in silico and was proven to have arisen de novo in the
2 families where both unaffected parents were available. The three pa-
tients not only had pancreatic agenesis requiring both insulin treatment
and exocrine replacement therapy but also had holoprosencephaly (a
failure of forebrain fusion) in 2 cases and probable holoprosencephaly
in the 3™ (brain imaging was declined by the parents). We hypothesised a
mutation-specific mechanism and generated a mouse line harbouring the
same Cnot/ mutation by CRISPR engineering. Gross morphological as-
sessment suggested no phenotype in heterozygous mice while homozy-
gosity for the mutation was embryonically lethal. We therefore investi-
gated mouse embryos at E14.5. Homozygous embryos had markedly
abnormal brain development (exencephaly p =3.2 x 10™°), eye defects
(coloboma p = 5.5 x 10~ ®) and significantly reduced dorsal pancreas size.
Conclusion: Our results identify a specific mutation in CNOT! as the
genetic cause of a rare syndrome of pancreatic agenesis and
holoprosencephaly. The phenotype in homozygous mice carrying the
mutation recapitulates the human disease, confirming causality of the
specific mutation. CNOT1 has been proposed to have a role in maintain-
ing stem cells in a pluripotent state. We therefore propose a new mecha-
nism resulting in pancreatic agenesis resulting from stem cells being
maintained in their pluripotent state and prevented from differentiating
towards the pancreatic line. This study establishes CNOT! as a key gene
in very early pancreatic and neurological development in man and mouse,
consistent with the proposed role in stem cells.

Supported by: Wellcome Trust

Disclosure: A.T. Hattersley: None.
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Bioenergetics of myeloid angiogenic cells: its role in the damage in-
duced by stearic acid and in the protective action of empagliflozin
F. Fantuzzi', V. Spigoni', G. Cinquegrani', R. Aldigeri', E. Derlindati',
A. Dei Cas?, R.C. Bonadonna;

lUniversity of Parma, Parma, 2University of Parma and AOU of Parma,
Parma, Italy.

Background and aims: In muscle biopsies of patients with type 2 dia-
betes, dapagliflozin reduced glucose oxidation and ATP synthesis - as a
consequence of decreased tricarboxylic acid (TCA) cycle flux. In our lab,
empagliflozin and dapagliflozin curbed inflammation and oxidant stress
induced by stearic acid (SA) in human myeloid angiogenic cells (MAC;
elsewhere named endothelial progenitor cells). We asked the question
whether cell bioenergetics may be involved in the effects exerted by SA
and/or SGLT2-inhibitors in MAC, which are thought to play major roles
in atherosclerosis and cardiovascular risk. Aim of the study was to assess
in human MAC whether: 1. SA-induced increases in inflammation and
oxidant stress are accompanied by bioenergetic alterations; 2.
empagliflozin anti-lipotoxic action is concomitant with coherent changes
in bioenergetic metabolism.

Materials and methods: MAC were isolated from peripheral blood
of healthy volunteers and incubated in the presence/absence of SA
(100 uM) for 3 hours with/without empagliflozin (EMPA 100 uM).
Respiration (O, consumption rate: VO,) and glycolysis (GLYC;
measured as extracellular acidification rate) were recorded in real-
time by Seahorse technology (XFp Extracellular Flux Analyzer,
Agilent). Basal and maximal VO,, ATP-linked and non-
mitochondrial respiration and spare respiratory capacity were quan-
tified by serially adding oligomycin (ATP synthase inhibitor), FCCP
(protonophore) and rotenone/antimycin A (inhibitors of complex I
and III of electron transport chain) into the culture medium, accord-
ing to a well established protocol. All parameters were adjusted for
the number of viable cells.

Results: SA, at the concentration (100 pM) causing inflammation
and increased oxidant stress, extensively altered cell bioenergetics
of human MAC, with overall reductions both in basal/maximal
VO,, ATP production and spare respiratory capacity (all p <0.05
or less vs control), all pointing to mitochondrial dysfunction, and
in GLYC (p <0.05), indicating no induction of Warburg effect.
EMPA, at the concentration counteracting SA-induced lipotoxicity,
both alone and in the presence of SA, caused alterations in cell
bioenergetics quite similar to those induced by SA alone (p <0.05
or less vs control).

Conclusion: In human MAC: 1. SA induces extensive alterations in cell
bioenergetics, concomitantly with increase in inflammation and oxidant
stress; 2. EMPA may inhibit TCA cycle/mitochondrial respiration, ex-
tending a previous observation made with dapagliflozin in muscle biop-
sies and suggesting a potential class effect; 3. the protective effect of
EMPA against SA-induced lipotoxicity is unlikely to be mediated through
bioenergetic metabolism.

Supported by: Fondazione Diabete e Ricerca in collaboration with Eli
Lilly Italia

Disclosure: F. Fantuzzi: Grants; Fondazione Diabete e Ricerca in col-
laboration with Eli Lilly Italia.
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Empagliflozin reduces mortality and hospitalisation for heart failure
irrespective of cardiovascular risk score at baseline

D. Fitchett', S.E. Inzucchiz, C.P. Cann0n3, D.K. McGuire4, O.E.
Johansen®, S. Sambevski®, U. Hehnke®, J.T. Georgeﬁ, B. Zinman’;

'St Michael’s Hospital, Division of Cardiology, University of Toronto,
Toronto, Canada, “Section of Endocrinology, Yale University School of
Medicine, New Haven, USA, 3Cardiovascular Division, Brigham and
Women’s Hospital, Boston, USA, 4University of Texas Southwestern
Medical Center, Dallas, USA, 5Boehringer Ingelheim Norway KS,
Asker, Norway, GBoehringer Ingelheim International GmbH, Ingelheim,
Germany, "Lunenfeld-Tanenbaum Research Institute, Mount Sinai
Hospital, University of Toronto, Toronto, Canada.

Background and aims: In the EMPA-REG OUTCOME trial in pa-
tients with type 2 diabetes and established cardiovascular (CV) dis-
ease, empagliflozin added to standard of care reduced CV death vs
placebo by 38% (HR 0.62 [95% CI 0.49, 0.77]), all-cause death by
32% (HR 0.68 [95% CI 0.57, 0.82]) and hospitalisation for heart
failure (HHF) by 35% (HR 0.65 [95% CI 0.50, 0.85]). We investi-
gated whether residual CV risk at baseline influenced the effect of
empagliflozin on these outcomes.

Materials and methods: We investigated CV death, all-cause death,
HHF and the composite of HHF or CV death with empagliflozin vs
placebo in subgroups by degree of CV risk at baseline based on the 10-
point TIMI Risk Score for Secondary Prevention (TRS 2°P). P values for
treatment-by-subgroup interaction were obtained from tests of homoge-
neity of treatment group differences among subgroups with no adjustment
for multiple testing.

Results: Based on the TRS 2°P risk score, of 7020 patients who received
study drug in the EMPA-REG OUTCOME trial, 12%, 40%, 30% and
18% were at low, intermediate, high and highest residual CV risk, respec-
tively, at baseline. In the placebo group, from low to highest predicted
risk, the proportion of patients with CV death increased from 2.2% to
11.2% and the proportion of patients with HHF increased from 1.1% to
10.0%. Effects of empagliflozin on CV death, all-cause death, HHF and
HHF or CV death were consistent across subgroups by baseline CV risk
score (Figure).

Conclusion: The benefits of empagliflozin on key clinical outcomes in
the EMPA-REG OUTCOME trial occurred irrespective of residual CV
risk at baseline.

Empaglifiozin Placebo Treatment by
subgroup
n with eventN analysed (%) HR (95% CI) HR (95% CI) interaction
CV death
Al patients 172/4687(37) 137/2333(59)  0.62(0.49,0.77) o
CV risk score at baseline : p=0.95
Low 9/564 (1.6) 8/275(2.2) 0.72(0.25,2.01) —_—
Intermediate 45/1869(2.4) 37/961(3.9) 0.63(0.41,0.97) ’.__:,_4
High 57/1446(3.9) 46/667 (6.9) 0.56(0.38,0.83) ._.5_4
Highest 61/805(76)  48/428(112)  0.65(0.44,0.95) —te—
All-cause death
Al patients 260/4687(5.7) 194/2333(8.3)  068(057,0.82) -~
CV risk score atbaseline : p=0.84
Low 12/564(2.1)  11/275(40)  052(023,1.19) 1~
Intermediate 71/1869(3.8) 51/961(5.3) 0.71(0.50, 1.02) iy
High 95/1446(6.6) 59/667 (8.8) 0.73(0.53,1.01) —e—
Highest 91/805(11.3) 73/428(17.1) 0.64(0.47,0.87) —r—
Hospitalisation for heart failure
Al patients. 126/4687 (2.7)  95/2333(4.1)  0.65(0.50,0.85) ——
CV risk score at baseline p=0.33
Low 3/564 (0.5) 3/275(1.1) -
Intermediate 33/1869(18)  19/961(20)  091(052,159) ——
High 451446(3.1)  30/667 (4.5) 0.67(0.42,1.06) »—:.—4
Highest 45/805(56)  43428(10.0)  0.53(0.35,0.81) et
Hospitalisation for heart failure or CV death
Al patients. 265/4687 (5.7) 198/2333(8.5) 0.66(0.55,0.79) =
CV risk score atbaseline p=0.78
Low 10/564 (1.8) 71275(2.5) 0.69(0.26, 1.80) ———
Intermediate 72/1869(3.9) 49/961(5.1) 0.76(0.53,1.10) ———
High 88/1446(6.1)  66%667(99)  0.60(0.43,082) ——
Highest 95/805(11.8)  76/428(17.8)  062(0.46.0.85) ——

0125 025 05 1 2 4 8
e

Favours empaglifiozin  Favours placebo

Cox regression analysis in patients who received 21 dose of study drug.

The 10-point TRS 2°P included (1 point each): heart failure; hypertension; age 275 years diabetes; prior stroke; prior coronary artery bypass graft surgery.
peripheral artery disease; éGFR <60 mUmin/1.73m?; current smoking; prior myocardial infarction.

Residual CV risk: low = 52 points; intermediate = 3 points; high = 4 points; highest = 25 points.

Clinical Trial Registration Number: NCT01131676

Supported by: Boehringer Ingelheim & Eli Lilly and Company Diabetes
Alliance

Disclosure: D. Fitchett: Honorarium; Sanofi, Merck & Co., Amgen,
AstraZeneca, Eli Lilly and Company and Boehringer Ingelheim.
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Canagliflozin versus other antihyperglycaemic agents on the risk of
below-knee amputation for patients with type 2 diabetes: a real world
analysis of >700,000 US patients

P. Ryanl, J.B. Busez, M. Schuemiel, F. DeFalco® , Z. Yuan], P. Stang],
J.A. Berlin*, N. Rosenthal’;

!Janssen Research & Development, LLC, Titusville, 2University of North
Carolina School of Medicine, Chapel Hill, 3Janssen Research &
Development, LLC, Raritan, “4Johnson & Johnson, Titusville, USA.

Background and aims: Sodium glucose co-transporter 2 inhibitors
(SGLT?2i) are indicated for treatment of type 2 diabetes mellitus
(T2DM); some SGLT2i have reported a cardiovascular (CV) benefit
and some have reported a risk of below-knee amputation (BKA).
Materials and methods: US claims databases were analysed using a
prespecified protocol to examine canagliflozin (CANA)-associated ef-
fects on BKA and hospitalisation for heart failure (HHF) versus other
SGLT2i and non-SGLT2i antihyperglycaemic agents (AHAs). Analyses
used a propensity score adjusted new user design with numerous sensi-
tivity analyses. The 4 databases included 142,000 new users of CANA,
110,000 of other SGLT2i, and 460,000 of non-SGLT2i AHAs. Meta-
analysis results are reported when heterogeneity across databases was
not substantial (12 <0.4).

Results: There was no evidence of increased risk of BKA with CANA
versus non-SGLT2i AHAs or other SGLT2i in on-treatment or intention-
to-treat (ITT) analyses (Table). HHF benefits were demonstrated in these
analyses, consistent with clinical trials. Similar BKA and HHF results
were seen in a subgroup with established CV disease.

Conclusion: In this large comprehensive analysis, neither CANA nor
other SGLT2i showed an increased risk of amputation versus non-
SGLT2i AHAs. Because on-treatment median exposure was <6 months,
future observational studies with longer duration are needed. This study
helps to further characterise the potential benefits and harms of SGLT2i as
observed in routine clinical practice to complement the evidence from
clinical trials and prior observational studies.

Table. Risk of BKA and HHF in the overall population.”

On-treatment” Intent-to-treat (ITT)*
Exposure (VPY) | Outcomes, n Outcomes, n
Outcome | Comparison CANA Comp CANA | Comp HR (95% CI) CANA | Comp HR (95% CI)
p value p value
Cal p value® Cal p value®
0.75 (0.40-1.41) 1.01(0.93-1.10)
BKA S;"fé‘gfm e, ‘3357’ S | s0 | 48t =025 205 | 1.308 p=071
d A Calp=0.30 Calp =051
CANAvs 69554 | 98169 | o0 | & | T <g SR o | 200 |2 ‘° tra
other SGLT2i | 31369 | 41,666 chpeoss chpeo0s
CANA s 111,302/ | 445,367/ 039 (028000)
HHF non-SGLT2i | 53116 | 255504 | 124 | 2979 p=00 810 | 7,081
. . Calp=0 o0
R cossu | 906 | o = 0.90 (2.71-1.13) = = 107 (o 95 | 20)
other SGLT2i 31,363 41,667 Cal =028 Cal D D32

PY palient-years; Comp. comparator. Cal, calbrated; FR. hazard rato; Cl, mnﬁdence interval
analysis using bl propensity score matching.
i “On-treatment period was defined as the time from 1 day after exposure to all days through the period of persistent exposure
allowing for 30 day gap between successive exposures until the final exposure record. The time will be censored if the patient
starts a non-metformin AHA other than the cohort defining drug(s).
¥ 'Intent-to-treat’ (ITT) period was defined as the time from 1 day after exposure to the last day of observation available in the database.
A set of negative control outcomes were used to calibrate p values to control for any potential systematic errors after propensity score
adjustment
**Meta-analytic estimate was not imputed due to observed heterogeneity (1= 0.59). HR (95% CI) in the 4 databases were: 0.63 (0.52-0.75),
0.94 (0.70-1.25), 0.83 (0.69-1.00), and 0.73 (0.63-0.83).

Supported by: Janssen Global Services, LLC
Disclosure: P. Ryan: Employment/Consultancy; Janssen Research &
Development, LLC.
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The inTandem 2 study: 52-week efficacy and safety of sotagliflozin, a
dual SGLT1 and SGLT?2 inhibitor, as adjunct therapy to insulin in
adults with type 1 diabetes

B. Cariou, T. Danne?, P. Banks®, M. Brandle*, H. Brath®, E. Franek®,
J.A. Kushner’, P. Lapuerta3, D.K. McGuire®, A. Peters’, S. Sangeetalo, P.
Strumph?;

Iinstitut du thorax, Department of Endocrinology, CHU de Nantes,
Nantes, France, 2Depar‘[ment of Diabetes, Endocrinology and Clinical
Research, Hannover Medical School, Hannover, Germany, 3Lexicon
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Pharmaceuticals, Inc., The Woodlands, USA, 4Departrnent of Internal
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Background and aims: Sotagliflozin (SOTA), a dual SGLT1 and SGLT2
inhibitor, is currently in development as an oral adjunct to insulin in type
1 diabetes (T1D).

Materials and methods: In this double-blind, 52-week European study,
782 adults with Type 1 diabetes (T1D) treated with multiple daily insulin
injections or pump therapy were randomized 1:1:1 to placebo (n = 258),
sotagliflozin (SOTA) 200 mg (n =261) or SOTA 400 mg (n =263) once
daily after 6 weeks of insulin optimization. Primary endpoint was change
from baseline in A1C at Week 24. Other endpoints were A1C, document-
ed hypoglycemia (DH), weight and fasting plasma glucose (FPG) change
at Week 52, patient (pt) reported outcomes (PROs) and net clinical benefit
(NCB) - the proportion of pts with A1C <7.0% without severe hypogly-
cemia (SH) or diabetic ketoacidosis (DKA).

Results: Baseline characteristics were similar between groups. Compared
with placebo, treatment with SOTA 200 or 400 mg improved A1C and pt
satisfaction at Week 24 and reduced A1C, DH rate, weight, FPG and pt
distress at Week 52 (Table). More pts achieved NCB in the SOTA arms vs
placebo (Table). Pts receiving SOTA 400 mg had the least SH events, but
more genital mycotic infections, DKA, and diarrhea than placebo.
Conclusion: SOTA 200 and 400 mg provided statistically significant
A1C reductions that were sustained (P <0.05) at Week 52, as well as
improvement in DH and PROs. There was more DKA, but less SH, with
SOTA 400 mg relative to placebo at Week 52.

Efficacy (mITT population) and Safety (safety population) Results

Placebo SOTA 200 mg SOTA 400 mg
n=258 =261 =263
Mean A1C at Baseline, after 6-week insulin % 7.79 774 771

Outcomes at Week 24

A1C LSM diff from placebo, % + SE (P-value)
Outcomes at Week 52

A1C LSM diff from placebo, % + SE (P-value)

-0.37+0.06 (P<0.001) | -0.35:0.06 (P<0.001)

-0.2120.07 (P=0.003) | -0.32+0.07 (P<0.001)
EPG LSM diff from placebo, mmolL + SE ~0.27+0.33 (P=0.41) | 0874033 (P=0.008)
Daily insulin LSM diff from placebo, IU + SE (P-value) 2812114 (P=0.014) | —3.37+1.14 (P=0.003)
DH rates, LSM diff from placebo + SE (P-value) -0.03:0.01 (P=0.017) | -0.03+0.01 (P=0.006)
Body weight LSM diff from placebo, kg  SE (P-value) - -2.1820.36 (P<0.001) | -2.92+0.36 (P<0.001)
Mean daily bolus insulin dose at Baseline, 1U 321 311 1
Bolus insulin dose mean change from Baseline, % + SE 4.2153.25 -3.4813.24 —7.9413.23
Bolus insulin LSM diff from placebo, % + SE (P-value) - —7.704.41 (P=0.08) | -12.15+4.40 (P=0.006)
Nef clinical benefit at Week 52
A1C <7.0% without SH and without DKA, n (%) 37 (143) 67 (25.7) 70 (26.6)
Safety outcomes over 52 weeks

Any TEAE, n (%) 158 (61.2) 178 (68.2) 181 (68.8)
TEAES leading to study n (%) 9(35) 10(3.8) 18 (6.8)
Treatment-emergent serious adverse events, n (%) 17 (6.6) 26 (10.0) 21(8.0)
Death, n (%) 2(08) 0 0
DKA®, n (%) 0 6(2.3) 9(3.4)
Severe hypoglycemia, n (%) 13 (50) 13 (5.0) 6(2.3)
Diarrhea, n (%) 9(35) 12 (4.6) 19(7.2)
Genital mycotic infection, n (%) 6(2.3) 24(92) 29 (11.0)

Patient-reported outcomes.
DTSQ score LSM diff from placebo at Week 24 + SE (P-value) 2.040.4 (P<0.001) 1.710.4 (P<0.001)
DDS2 score LSM diff from placebo at Week 52 + SE (P-value) -0.2:0.2 (P=0.23) -0.3:0.2 (P=0.046)
DDS2, two-item Diabetes Distress Screening Scale; DTSQ, diabetes treatment satisfaction questionnaire; LSM diff, least squares mean difference;
mITT, modiied itent-o-reat; SE, standard error, TEAE, reatment emergent adverse events. *Events per patient per day <3.0 mmlL (s55 mg/dL);
*Positively d events of drug due to DKA was: 0% placebo, 0% SOTA 200 mg. and 1.9% for SOTA 400 mq

Clinical Trial Registration Number: NCT02421510
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Background and aims: Cardiovascular outcome trials (CVOTs) have
recently shown improved prevention of cardiovascular (CV) disease with
sodium-glucose cotransporter-2 inhibitors (SGLT2i). Large observational
studies have indicated similar effects in broader T2D populations. A
significant proportion of the CVOT-patients were on concomitant insulin
treatment. The aim of this observational study was to examine the risk of
cardiovascular disease and mortality in new users of SGLT2i versus bolus
insulin, when added to stable basal insulin treatment in T2D. These pa-
tients have advanced T2D with a need for treatment intensification.
Materials and methods: All T2D patients on basal insulin treatment
(intermediate-, long-acting- or premixed insulin for >1 year) were identi-
fied in mandatory, nationwide health care registries during 2013-2016.
New users of SGLT2i and bolus (short-acting) insulin as add-on to basal
insulin treatment were matched 1:1 by propensity scores for the likelihood
of receiving SGLT2i (calculated by using >90 relevant patient characteris-
tic variables). The primary combined endpoint was hospitalization for heart
failure (HHF; in-/outpatient) or CV mortality. In addition, major cardiovas-
cular adverse events (MACE; myocardial infarction, stroke or CV mortal-
ity) and severe hypoglycaemia (hospital admission) were assessed. Patients
were followed until death, end of study period or treatment discontinuation.
Unadjusted Cox survival models estimated hazard ratios.

Results: A total of 2 988 patients were identified after matching, mean age 64
years, 32% had established CV disease with no imbalances at baseline.
Follow-up time was 2 736 patient years (mean 0.92 years), in the SGLT-2i
group dapagliflozin contributed with 87% and empagliflozin with 13%. Add-
on of SGLT-2i versus bolus insulin to stable insulin treatment was significantly
associated with lower risk of the combined outcome (HR 95% CI; 0.51:0.32—
0.82), and also HHF and CV mortality separately; MACE (0.54:0.34-0.87)
and severe hypoglycemia (0.61:0.40-0.93), which was the most common
event. No significant differences for myocardial and stroke were found.
Conclusion: In patients with ongoing basal insulin treatment, add-on of
SGLT2i versus bolus insulin carried significantly less risk of CV mortal-
ity, HHF and MACE. Notably, the event rate of severe hypoglycaemia in
this population was lower with SGLT2i treatment.

:; SGH_’-zi i ::w — ""::: a95% pvalue
HHF or CV mortality 28(1.93) 50 (3.90) 051 (0.32-0.82) 0.005
HHF 21(145) 35(2.73) 054 (0.32-0.93) 0.027
CVmortality 8(055) 19 (1.26) 040 (0.17-0.91) 0.030
MACE (includesCV mortality) 27 (1.86) 46 (357) 054 (0.34-0.87) 0.011
Myocardial infarction 13 (0.89) 16(1.29) 073 (0.35-152) 0.400
Stroke 9(0.62) 14 (1.08) 059 (0.25-1.36) 0.214
Severe hypoglycemia 3524 53(4.20) 061 (0.40-0.93) 0.022
All-cause morality 18(1.23) 56 (4.31) 030 (0.18-0.51) <0.001

Supported by: AstraZeneca
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Efficacy and safety of empagliflozin-based quadruple therapy compared
to insulin glargine-based therapy in poorly controlled type 2 diabetes
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Background and aims: Empagliflozin is a potent and selective sodium-
glucose cotransporter 2 (SGLT2) inhibitor. Empagliflozin showed the
glucose lowering effects in the mono- or dual combination therapy with
metformin, sulfonylurea (SU), dipeptidyl peptidase 4 inhibitors (DPP4i)
and insulin. However, there was no study with quadruple combination
with empagliflozin. The aim of this study was to examine the efficacy and
safety of the empagliflozin as add-on therapy compared to basal insulin-
based oral antidiabetic agents in patients with type 2 diabetes mellitus
(T2DM) inadequately controlled on triple oral antidiabetic agents
(OADs) in a real clinical practice.

Materials and methods: A single center, 24-week, open-label, prospec-
tive study in 257 patients comparing empagliflozin (25 mg/day, EMPA, n =
138) and insulin glargine (INS, » = 119) added to metformin (2000 mg/day)
plus SU (glimepiride 8 mg/day) plus DPP4i (maximal dose). The inclusion
criteria were defined as follow; HbA .. 7.5-12%, with stable OADs dose
before 12 weeks. Efficacy outcomes included the change in HbA ¢, fasting
plasma glucose (FPG), bodyweight, systolic blood pressure (SBP) from
baseline to week 24. Safety outcomes included adverse events (AEs), hy-
poglycemia, genitourinary tract infections (GUTIs) and laboratory tests.
Results: At week 24, reductions from baseline in mean HbA ;. were signif-
icantly greater in the EMPA group (—1.47 +1.19%) compared with the INS
group (—1.17 £ 1.44%) (P = 0.003). Significant changes were also observed
in FPG (—69.3 +£57.2 vs —40.1 £ 65.9 mg/dL, EMPA and INS, respectively,
P <0.001). Reductions from baseline in bodyweight were significantly
greater with the EMPA group (—1.5+8.1 vs +1.2+3.0 kg, P <0.001). In
terms of the differences in the SBP; changes from baseline at week 24 were
—3.0+14.6 mmHg with the EMPA group and +5.6 +21.6 mmHg with the
INS group (P =0.008). Confirmed hypoglycemic AEs were in 10.9% and
26.1%, of EMPA and INS group, respectively (P = 0.002). Events consistent
with GUTISs were reported in 5.1% of subjects on EMPA group and 0.8% of
subjects on INS group, respectively (P =0.072).

Conclusion: The quadruple OADs combination of empagliflozin result-
ed in a significant reduction in HbA ;. and FPG compared with the insulin
glargine-based OADs combination therapy at week 24 in patients with
inadequately controlled T2DM.

A
10.0
& EMPA (n=138)
0.5 Q- INS (ne119)
[
0.0
_ 85
2
3 8.0
7.5
1 t
7.0 *P=0.005 *P=0.003
6.5
Baseline Week 12 Week 24
B
2
& EMPA (n=138)
11“\\ 4 INS (h=119)
6 P <0.001
*P=0.003
Baseline Vieek 12 Week 24

Disclosure: E. Ku: None.

@ Springer



S60

Diabetologia (2018) 61 (Suppl 1):51-S620

OP 20 Overriding mechanisms of NAFLD

115

Role of the receptor RANK and its ligand RANKL in the develop-
ment of NAFLD

F. Phan'?, M. Hu', 1. Hainault', V. Ratziu', O. Bourron'?, F. Foufelle';
'INSERM UMRS1138 Cordeliers Research Centre, Paris, >Assistance
Publique-Hoépitaux de Paris, Department of Diabetology, Paris,
3 Assistance Publique-Hoépitaux de Paris, Department of Hepatology,
Paris, France.

Background and aims: Non Alcoholic Fatty Liver Disease (NAFLD) is
highly associated with type 2 diabetes. Hepatic steatosis represents the
first stage of NAFLD and is characterized by lipid accumulation and
insulin resistance. Lipotoxicity promotes ballooning and inflammation
leading to steatohepatitis (NASH). Thus, insulin resistance and inflam-
mation play a major role in the progression of the disease. Nuclear factor-
kB (NF-kB) plays a central role in inflammation. Its hepatic activation
leads to insulin resistance, steatosis and inflammation. Here, we are in-
terested in the role of the TNF receptor related member RANK and its
ligand RANKL, known to induce NF-kB activity, in the onset and pro-
gression of NAFLD.

Materials and methods: Mice overexpressing RANK in the mye-
loid lineage (TgRANK) are fed under normal chow (NC) or high
fat diet (HFD). The expression of RANK and those of lipogenic
and gluconeogenic enzymes are measured by RT-qPCR from the
livers of NAFLD-related animal models, from biopsies of NAFLD
patients and from the liver of TgRANK. Hepatic insulin signalling
is analysed by Western blot.

Results: RANK expression is markedly induced in the liver of NASH-
related mice models. Its expression is the highest in hepatic macrophages
and proportional to the inflammatory state. In human biopsies, RANK
expression is increased in NASH patients compared to NAFL and control
patients. Interestingly, in our human cohort, RANK expression is nega-
tively correlated with fasting glycaemia. Mice overexpressing RANK in
the myeloid cells are generated and analysed. These mice display a lower
basal glycemia and an improved insulin sensitivity during glucose toler-
ance test and insulin sensitivity test. In the liver of TgRANK, the phos-
phorylation of key proteins of the insulin signaling pathway is enhanced
compared to control littermates. As a consequence, the expression of
lipogenic enzyme is increased and those of gluconeogenic enzyme de-
creased. We next try to understand how RANK overexpression in mac-
rophages, can induce this metabolic phenotype. We observe that
TgRANK macrophages secrete more IL10 than macrophages of control
mice. In the presence of insulin, treatment of primary hepatocytes with
IL10 enhances insulin signaling. Conditional medium isolated from
TgRANK macrophages trigger insulin signalling when added to cultured
hepatocytes. We finally challenge RANK-overexpressing mice with 8
weeks of HFD and show that these animals are protected from hepatic
steatosis and insulin resistance.

Conclusion: In conclusion, our results reveal that RANK expression is
increased in macrophages under NAFLD conditions. We believe this
could be a compensatory mechanism against insulin resistance and in-
flammation seen in NAFLD.
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Background and aims: Non-alcoholic fatty liver disease (NAFLD) is
characterized dysregulated lipid homeostasis and an aberrant accumula-
tion of triglycerides in the liver, but underlying mechanisms are unknown.
It has been reported that circulating Osteoprotegerin (OPG) is associated
with metabolic diseases in humans, including NAFLD. However, the
studies of mechanism are lacking. The purpose of the present study is
to investigate the roles of OPG in the progression of obesity-associated
fatty liver and possible mechanisms.

Materials and methods: Expression of hepatic OPG was investigated in
mouse and human livers with hepatic steatosis. In vitro, adenovirus express-
ing OPG (Adv-OPG) and small hairpin RNA (Adv-shOPG) were used in
L02 cells and Hepall-6 cells and OPG-Fc was used in mouse primary
hepatocytes (MPHs) to investigate the role of OPG on hepatic steatosis.
In vivo, hepatic triglyceride metabolism and related genes were analyzed in
male WT and OPG knockout (OPGf/ ) mice fed with standard diet (SD) or
high fat diet (HFD). Then, MPHs from CD36 knockout (CD36 ") mice
were treated with OPG-Fc to further verify if OPG regulation of lipid
accumulation in the liver relies on CD36. GW9662, a PPARYy inhibitor,
and SCH772984, an ERK inhibitor, were respectively used to verify the
association of OPG with CD36, PPARYy and ERK in cultured cells.
Results: OPG expression was down-regulated in obese mice than in SD-
fed C57BL/6 mice, and down-regulated in NAFLD patients than in
healthy individuals. In vitro, up-regulation of OPG in cell lines and
MPHs increased TG contents and lipid droplets. In contrast, Ad-shOPG
treatment decreased lipid accumulation. In vivo, under SD and HFD feed-
ing, hepatic steatosis in OPG '~ mice were significantly decreased com-
pared with WT mice. In parallel, decreased steatosis were found in MPHs
from OPG™~ mice compare with MPHs from WT mice. Importantly, the
deficiency of OPG reduced expressions of CD36 and PPARY in the liver
of OPG™"~ mice and cultured cells. In contrast to, overexpression of OPG
increased CD36 and PPARYy expressions in cultured cells. The effect of
OPG on lipid accumulation was blocked by the deficiency of CD36 in
MPHs from CD36 "~ mice. With a series of truncated promoters and site-
directed mutated promoter of CD36 gene, luciferase assay showed that
PPRE:s binding site of CD36 promoter was indispensable for OPG activa-
tion of CD36 promoter activity. Treatment with GW9662, a PPARYy in-
hibitor, could completely eliminate OPG-induced CD36 protein expres-
sion. Furthermore, the overexpression or deficiency of OPG led to decreas-
ing or increasing ERK phosphorylation in the liver of OPG ™/~ mice and
cultured cells. And SCH772984, an ERK inhibitor, eliminated the de-
crease of CD36 and PPARYy expression induced by knockdown of OPG.
Conclusion: These data indicate that OPG play an important role in
NAFLD through targeting ERK-PPARY-CD36 pathway.
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NREP bridges TGF-beta signalling and lipid metabolism in the epi-
genetic programming of NAFLD
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Background and aims: Non-alcoholic fatty liver disease (NAFLD)
prevalence is increasing worldwide and few studies have associated
maternal diabetes and altered birth weights with increased risk for
NAFLD. We aimed to determine the genetic and epigenetic effects
of paternal versus maternal genetic insulin resistance on the devel-
opmental programming in the offspring of the liver-specific insulin
receptor knockout (LIRKO) mice.

Materials and methods: We used a unique non-dietary model man-
ifesting hyperglycemia and hyperinsulinemia - two hallmarks of
gestational and type 2 diabetes. Male control F1 offspring from
father LIRKO (FL), mother LIRKO (ML) or control mothers and
fathers (C) were weaned on a chow or high-fat-diet (HFD) and
followed for 3 months. We further validated a set of candidate
genes by using an in-vitro model of hepatic steatosis in HepG2
cells and human primary hepatocytes. Finally we validated the
clinical translation of these findings by evaluating our candidate
genes expression in samples from patients with steatosis.
Results: FL and ML showed impaired growth and body weight
composition. FL and ML developed hepatic steatosis compared
to C when challenged with HFD and exhibited increased hepatic
expression of lipogenesis-associated genes. Hepatic transcriptomic
and genome-wide DNA methylation analyses of FL and ML on
chow diet presented enriched-pathways associated with TGF-f
signaling and lipid synthesis. FL and ML hepatic NREP mRNA
levels were decreased 50% (p <0.05) on HFD compared to C. In-
vivo and in-vitro modeling of hepatic steatosis in HepG2 and
human primary hepatocytes decreased NREP mRNA and protein
levels. Knock-down experiments performed in HepG2 cells re-
vealed that NREP acts by regulating triglyceride and cholesterol
synthesis transcriptional network via regulation of ATP-citrate ly-
ase (ACL) in a phospho-AKT dependent manner. To investigate
the translational relevance of these findings, we investigated
NREP levels in patients with steatosis. Consistently, NREP
mRNA levels were decreased by 40% (p <0.05) in patients with
steatosis as compared to controls and looking into public available
datasets we were able to identify a strong negative correlation
between NREP and ACL expression. Next, to examine whether
plasma NREP levels mimic the changes seen in patients with
NAFLD, we analyzed NREP plasma levels in controls (n =
106), simple steatosis (n =36) and NASH (n =28) patients in a
comprehensive obese liver biopsy-proven cohort (the Kuopio co-
hort). Indeed, several clinical parameters negatively correlated
with NREP levels, including steatosis grade (p <0.0002) and
NAFL activity score (p <0.0001).

Conclusion: These findings and recent preclinical trials implicating
ACL in NAFLD highlight the translation relevance of our find-
ings. Together these data suggest that prenatal insulin resistance
epigenetically regulates a novel protein, NREP that has detrimen-
tal effects on metabolic adaptation and transcriptional regulation
of hepatic metabolism in the development of NAFLD.

Supported by: SFRH/BD/51699/2011, R0I DK67536, R0I DK103215,
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Background and aims: Protein kinase D1 (PKD1) is a ubiquitous serine/
threonine kinase belonging to the CAMK family. It is increasingly impli-
cated in the regulation of fundamental biological processes such as apo-
ptosis, cell proliferation, trafficking and oxidative stress. It has been pre-
viously reported that PKD1 plays a role in different tissues including skin,
immune cells, cardiac myocytes and pancreas. However, its role in liver
metabolism remains unclear.

Materials and methods: A mouse model that lacks PKD1 in hepatocytes
was generated by using the Cre-loxP system (PKD14" and PKD1™ as
control mice). Primary hepatocytes from PKD1"" and PKD14% mice were
isolated by two-step collagenase perfusion. As an in vivo model of non-
alcoholic fatty liver disease (NAFLD) linked to obesity, 8 week-old male
PKD12"" and PKD1"" mice were fed Chow (CHD) or High Fat Diet
(HFD) for 20 weeks. Parameters that assess glucose homeostasis, whole body
and hepatic insulin sensitivity as well as NAFLD progression were analyzed.
Results: Primary hepatocytes from PKDI1%™P mice presented higher
levels of endoplasmic reticulum (ER) stress markers under basal conditions
(PPERK p <0.01 vs PKD1""; pIREl ot p <0.05 vs PKD1"™; CHOP p <
0.05 vs PKD1"%) and after palmitic acid (PA) stimulation. In addition,
under conditions of chow diet, liver sections of PKD1P mice showed
a more pronounced dilation of the ER lumen compared to PKD1"™ mice,
suggesting that PKD1 might contribute to the maintenance of ER homeo-
stasis in the liver. Since obesity induce ER stress response and insulin
resistance, male mice from both strains were fed HFD for 20 weeks.
After this period, PKD1*"*P mice exhibited a higher increase in body
weight when compared to PKD1"™ mice (p <0.05 vs HFD-fed PKD1Y
1. pPKD1YM 47.4+2.4 g, PKDI*HP 539+ 1.2 ). Moreover, glucose
(GTT), insulin (ITT) and pyruvate (PTT) tolerance tests revealed that
HFD-fed PKD1%"*P mice presented a moderate alteration in glucose ho-
meostasis and a significant decrease in hepatic insulin sensitivity than
control mice (PTT p < 0.05 vs HFD-fed PKD1" mice). These results were
also confirmed by analysis of phosphorylation levels of insulin receptor
and AKT (p < 0.001 vs HFD-fed PKD 1% mice). Interestingly, histological
analysis revealed that steatosis, inflammation and ballooning (NAS score)
were slightly but not significantly higher in PKD14"P mice than in
PKD1™M mice under CHD, but more importantly, when both mice were
fed HFD, these differences were statistically significant between both ge-
notypes (steatosis p < 0.001 vs HFD-fed PKD1™; inflammation p < 0.05
vs HFD-fed PKD1™™; ballooning p < 0.001 vs HFD-fed PKD1"™),
Conclusion: Taken together, our results strongly suggest a possible pro-
tective role of PKD1 to maintain the liver ER homeostasis that could
delay the progression of liver pathologies associated to ER stress such
as NAFLD.
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Background and aims: Nonalcoholic steatohepatitis (NASH), a progres-
sive form of nonalcoholic fatty liver disease (NAFLD), may lead to end
stage liver disease including cirrhosis and hepatocellular carcinoma.
Despite its severity and prevalence, NASH currently lacks effective ther-
apies. In this respect, we developed a novel long-acting, GLP-1/GIP/
Glucagon triple agonist, HM15211. HM 15211, with a unique activity
profile, provides synergistic benefits on body weight loss and lipid profile
improvement while avoiding hyperglycemic risk. Previously, we showed
that HM 15211 exerts potent reductions in body weight and hepatic tri-
glycerides (TG) in DIO mice. In addition, HM15211 shows liver prefer-
ential distribution, suggesting a potential treatment for NASH. Here, we
evaluated the effect of HM15211 in NASH and fibrosis in Methionine
choline-deficient (MCD) diet mice model with various disease induction
periods utilizing up-to-date imaging techniques and histopathological
analysis. In addition, efficacy of HM 15211 was further evaluated in obese
and NASH monkeys.

Materials and methods: MCD-diet mice model was induced for 6 and
10 weeks for moderate and severe fibrosis induction, respectively.
Comparators including liraglutide 50 nmol/kg, twice-daily (BID) (for 6
week induction) or selonsertib and OCA 30 mg/kg once-daily (QD) (for
10 week induction) were used along with HM 15211 0.72 nmol/kg, once
every 2 days (Q2D). During the treatment, MRI/MRS was utilized for
real-time liver fat analysis. At the end of treatment, the animals were
sacrificed for liver TG, TBARS (oxidative stress assay), hydroxyproline
assay (surrogate for hepatic collagen fiber), marker gene expression anal-
ysis, and NAFLD activity score (NAS). Lastly, obese and NASH cyno-
molgus monkeys were treated with HM15211 (starting with 3 weeks
titration period followed by 9 weeks single dose treatment) to further
evaluate its therapeutic efficacy in non-human primates.

Results: HM 15211 treated MCD-diet mice (6 weeks induction) showed
significant reduction in hepatic TG (—82.6% vs. vehicle) and TBARS
(—60.7% vs. vehicle), which coincided with significant reduction in blood
liver functional markers such as ALT and bilirubin. Time course MRI/
MRS imaging further confirmed the progressive steatosis resolution by
HMI15211 while liraglutide showed minimal effect. Furthermore, histo-
pathological analysis indicated that HM15211 significantly reduced he-
patic inflammatory gene expression and NAS (1.3 for HM15211, 3.4 for
liraglutide, and 2.7 for vehicle). In MCD-diet mice with overt liver fibro-
sis (10 weeks induction), NASH improvement in HM15211 treated
groups was confirmed with improved blood liver functional markers
and related gene expression along with reduced hydroxyproline contents.
Moreover, HM15211 treated groups showed complete reversal in NAS
while selonsertib and OCA had marginal effect (0.0 for HM 15211, 1.2 for
selonsertib, 0.9 for OCA, and 2.1 for vehicle). Finally, HM15211 effec-
tively treated obese and NASH cynomolgus monkeys as indicated by
potent BWL, improved liver functional markers and histopathological
analysis.

Conclusion: According to its efficacy in various NASH animal models,
HMI15211 may offer therapeutic potential in NASH and fibrosis as well
as obesity.

Disclosure: J. Kim: Employment/Consultancy; Employee of Hanmi
Pharm. Co., Ltd.
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Patients with an impaired fructolysis are characterised by an in-
creased intrahepatic triglyceride content

N. Simons'?, F.-G. Debray3, N.C. Schaper"4, M.E. Kooi*®, E.J.M.
Feskens®, C.E.M. Hollak’, L. Lindeboom®°, J.A.P. Bons'’, D.J.
Lefeber”"z, C.G. Schalkwijkl’z, C.D.A. Stehouwer"2, D. Cassiman13,
M.C.G. Brouwersl’z;

1Department of Internal Medicine, MUMC, Maastricht, Netherlands,
2CARIM, Maastricht, Netherlands, 3Department of Medical Genetics,
Metabolic Unit, University Hospital Liége, Liége, Belgium, *CAPHRI,
Maastricht, Netherlands, *Department of Radiology and Nuclear
Medicine, MUMC, Maastricht, Netherlands, ®Division of Human
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Nutrition, Wageningen University, Wageningen, Netherlands,
7Department of Internal Medicine, AMC, Amsterdam, Netherlands,
8Department of Radiology and Nuclear Medicine, Department of
Human Biology/Human Movement Sciences, MUMC, Maastricht,
Netherlands, gNUTRIM, Maastricht, Netherlands, 0Central Diagnostic
Laboratory, MUMC, Maastricht, Netherlands, Translational Metabolic
Laboratory, RadboudUMC, Nijmegen, Netherlands, '*Department of
Neurology, RadboudUMC, Nijmegen, Netherlands, '*Department of
Gastroenterology-Hepatology and Metabolic Center, University
Hospital Leuven, Leuven, Belgium.

Background and aims: Dietary fructose has been suggested to play an
important role in the pathogenesis of nonalcoholic fatty liver disease
(NALFD). However, the exact underlying mechanism remains unclear.
Fructose could contribute to NAFLD as either a substrate for de novo
lipogenesis (direct pathway) or as a signal molecule that induces tran-
scription factors such as carbohydrate-responsive element-binding pro-
tein (ChREBP) that stimulate de novo lipogenesis (indirect pathway). The
study of inborn errors of fructose metabolism may aid to make a distinc-
tion between these two pathways. Since aldolase B is involved in the final
step of fructolysis, patients with a deficiency in this enzyme serve as an
excellent human model to study the contribution of the indirect pathway
to the pathogenesis of fructose-induced NAFLD (independent of the di-
rect pathway).

Materials and methods: In this case-control study, intrahepatic triglyc-
eride (IHTG) content was measured using proton magnetic resonance
spectroscopy (‘H-MRS) in 15 confirmed aldolase B deficient (aldoB™’
) patients and 15 age-, sex-, and BMI-matched control subjects. All
individuals filled out a three-day food diary to determine their daily fruc-
tose intake and underwent an oral glucose tolerance test (OGTT). Plasma
transferrin glycosylation patterns, used as a surrogate for hepatic fructose-
1-phosphate concentrations, were measured with high-resolution mass
spectrometry.

Results: IHTG content was higher in aldoB™"~ patients when compared
to healthy controls (median IHTG content: 2.5% and 0.6% respectively,
p =0.001). Plasma glucose excursions during the OGTT were higher in
aldoB™'" patients, resulting in a significantly different area under the
curve (p =0.043). The most fructose-intolerant patients -indicated by
the lowest dietary fructose intake- had the highest IHTG content
(Spearman’s rho =—0.77, p =0.001). Hypoglycosylated transferrin was
more abundant in aldoB™" patients when compared to controls (p <

0.001) and tended to be higher in aldoB™"~ patients with relevant IHTG
content (i.e. >3%, n =5) compared to those without (n = 10) (p =0.09).

Conclusion: This study demonstrates that the direct pathway is not nec-
essary for the pathogenesis of fructose-induced NAFLD in humans. The
increased IHTG content in aldoB™"~ suggests that intermediates of
fructolysis, i.e. fructose-1-phosphate, play a prominent role through indi-
rect pathways.

Supported by: Netherlands Heart Foundation (grant 2015T042) and
Stofwisselkracht

Disclosure: N. Simons: Grants; Netherlands Heart Foundation,
Stofwisselkracht.
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Reduce the risk for repeat percutaneous coronary intervention: the
importance of HbA,. control in prediabetes

H. Yu', Y. Zhang?, X. Liv?, J. Li";

'Tongji University School of Medicine, Shanghai, *Shanghai Tenth
People’s Hospital affiliated to Tongji University School of Medicine,
Shanghai, *Shanghai Tongji Hospital affiliated to Tongji University
School of Medicine, Shanghai, China.

Background and aims: According to the current guidelines, patients
with percutaneous coronary intervention (PCI) were recommended
to have strict lipid profile and plasma glucose control. However,
many patients with well-controlled risk factors also experienced
repeat PCI. The risk factors for repeat PCI were still unclear.
Materials and methods: Consecutive 5545 inpatients with CHD
were enrolled from the Shanghai Eastern Hospital Affiliated to
Tongji University from November 2011 to March 2015.
Anthropologic measurements and medical records of these patients
were collected.

Results: 5545 participants, including 3559 acute coronary syn-
drome (ACS) patients, received PCI procedure, of whom the in-
cidence of repeat PCI was 10.80% in total population and 10.65%
in ACS patients, respectively. In multivariate logistic regression,
prediabetes (HbAlc 39-46 mmol/mol, 5.7-6.4%) and diabetes
(HbAlc >48 mmol/mol, 6.5%) were significant and independent
risk factors for repeat PCI with OR of 1.61 (1.21-2.13) and 2.97
(2.13-4.12), respectively. Similar results were observed in ACS
patients, with OR of 1.87 (1.30-2.68) and 3.32 (2.16-5.10), re-
spectively. Moreover, even in patients with LDL-C <1.80 mmol/L,
poorly glycemic-control (HbAlc >39 mmol/mol, 5.7%) was also
significant and independent risk factor for repeat PCI with OR of
2.16 (1.18-3.95).

Conclusion: Prediabetes and diabetes are crucial risk factors for the
repeat PCI in post-PCI patients, even in those with well-controlled
lipid profile.

A. in total participants

Risk Factors OR (95% CI) Frequency (%) OR (95% CI)
Gender

Male - 3453 (62.5%) 1.76 (1.43-2.17)
Smoking Status

Smoking - 1373 (24.8%) 1.71 (1.37-2.13)
BMI, kg/m*

>23.9 HH 3745 (67.5%) 1.01 (0.83-1.22
DBP, mmHg

<90 - 4610 (83.1%) 1.49 (1.14- 1.96)
HbAlc, mmol/mol

39-46 - 2903 (52.4%) 1.61(1.21-2.13)

248 —— 1580 (28.5%) 207(213-4.12)

B. in ACS patients

Risk Factors OR (95% CI) Frequency (%) OR (95% CI)
Gender

Male Ha— 2243 (62.0%) 1.65 (1.28-2.14)
Smoking Status

Smoking —— 973 (27.3%) 1.90 (1.44-2.51)
BMI, kg/m*

=239 2379 (66.8%) 1.04 (0.82-1.33)
DBP, mmHg T

<90 - 2970 (83.5%) 1.29(0.93-1.78)
HbAlc, mmol/mol

39-46 —.— 1846 (51.9%) 1.87(1.30-2.68)

248 —— 1015 (28.5%) 3.32(2.16-5.10)

T 2 3 4 5

Figure 1. Association of risk factors with repeat PCI after adjustment for lesion number, left
main disease and medication treatments *

Variables were graded according to curent guidelines and their chinical significance respectively, zee details m Methods
ACS, acute coronary syndrome; DBP, diastolic blood pressure: PCL percutansous coronary intervention.
* including statin, dual anti-platelet, antihy and antidi therapy.

Supported by: National Nature Science Foundation of China, Shanghai
municipal government
Disclosure: H. Yu: None.
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The updated mean HbA, level is more strongly related to mortality
compared to a single HbA . measurement: The Hoorn Diabetes Care
System Cohort study

G. Nijpelsl, P. Elders', J. Beulens?, F. Rutters?, A. van der Heijdenl;
!General Practice and Elderly Care, VU University Medical Center,
Amsterdam, *Epidemiology and Biostatistics, VU University Medical
Center, Amsterdam, Netherlands.

Background and aims: When the association between glycemic control
and mortality risk for people with type 2 diabetes (T2D) is studied, most
often the last glycemic measurement available is used. However, T2D is a
progressive disease and treatment can lower HbA Ic. Furthermore, previ-
ously intensive glycemic control was associated with increased mortality
rates. To date, the relative importance of average HbAlc levels over time,
as proxy for longer term glycemic control in T2D in the association with
mortality remains uncertain. Therefore, we compared last measured
HbAlc and the updated mean of HbAlc and their association with rela-
tive mortality risk in people with T2D

Materials and methods: A prospective observational study of 14.420
people with T2D included in the Hoorn Diabetes Care System (DCS)
cohort was performed. The DCS includes all people with T2D in the
region West-Friesland in the Netherlands. From 1997 till 2017, data were
collected every year on among others, blood pressure, HbA Ic, lipids,
smoking status. All-cause mortality was extracted from national regis-
tries. 4,960 people with T2D included in the DCS within two years after
the diagnosis of T2D with at least five HbAlc follow-up measurements
were included. The last measured HbAlc and the updated mean of the
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HbAlc level (T=1 to T=5) were associated to all-cause mortality with
two Cox regression models, adjusted for sex, age, smoking status, diabe-
tes duration, total cholesterol and systolic blood pressure. Because a dia-
betes diagnosis at a younger age may result in a higher complication risk,
effect modification by age of diabetes onset (<55 years, 55-65 years, and
>65 years) was tested by adding cross product terms with HbAlc to the
model. Hazard ratios (HR’s and 95% confidence intervals (Cls) are
reported.

Results: During a mean follow-up period of 6.7 years (range: 0—16 years),
770 people (15.5%) died. Statistically significant effect modification was
found between age of onset of diabetes and both measures of HbAlc (p <

0.1). Consequently, all results were stratified for age of diabetes onset.
The fully adjusted models are shown in the table, with updated mean of
HbA1c showed stronger associations with mortality in all categories of
age of onset of diabetes, compared to assessing only the last HbAlc
measurement. For both measures of HbA 1¢, the association with mortal-
ity (per 1% increase) was stronger in in people with an age of onset
<55 years (HR: 1.50 (95% CI: 1.24 to 1.81), compared to onset of dia-
betes >65 years (HR: 1.14 (95%CI: 1.00 to 1.29)) (Table).

Conclusion: In this prospective cohort of people with T2D, the updated
mean of HbAlc is more strongly associated with all-cause mortality,
compared to last measured HbA 1¢, even more pronounced in people with
a diagnosis at early age. The predictive role of the course of HbA lc levels
for mortality should be further investigated.

Table. Hazards ratio for mortality risk by HbAlc (%) according to category of age of onset of diabetes.

Single measurement of HbAlc | <55 years 55-65 years > 65 years

Model 1 137(117t0161)  1.11(0.97t01.28) _ 108 (096 to 1.21)
Model 2 138(117t0163)  1.11(097to127) 108 (097 to1.21)
Updated mean of HbAlc

Model 1 150(1.25t01.81)  1.21(1.03t01.42) 1.3 (0.99 to 1.28)
Model 2 1.50(1.24t01.81) 1.20 (1.03 to 1.40) 1.14 (1.00 to 1.29)

Model 1: adjusted for age and sex
Model 2: further adjusted for smoking status, diabetesduration, total cholesterol, and systolic blood pressure.

Supported by: DFN
Disclosure: G. Nijpels: None.
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Trends in prevalence, incidence and mortality of type 1 and type 2
diabetes in Denmark 1996-2016

B. Carstensen, P.F. Ronn, M.E. Jorgensen;

Steno Diabetes Center Copenhagen, Gentofte, Denmark.

Background and aims: Registers provide a unique opportunity to assess
diabetes demography; however, many diabetes registers cannot distin-
guish between type 1 and type 2 diabetes. Thus, the current national
prevalence and incidence rates of diabetes are either done for the total
diabetes population or limited by imprecise classification of type 1 and
type 2 diabetes. We aimed to provide more precise estimates of the prev-
alence, incidence and mortality separately for type 1 and type 2 diabetes
during a 20-year period in Denmark.

Materials and methods: We constructed a Danish national diabetes reg-
ister based on existing health care registers in Denmark. We included
persons as diabetes patients based on first diabetes diagnosis in the
National Patient Register or Danish Adult Diabetes Database (DADD);
purchase of any anti-diabetic medication (Prescription Register); use of
podiatry or eye examination for diabetic complications (Health Services
Registers). Classification of type was based on the clinical reports in the
DADD. Analyses were conducted separately for diabetes type and sex.
For dates 1 January 1996 to 2016 we modeled prevalence by age using a
binomial model with log-link. Incidence and mortality rates were
analysed using Poisson regression. Incidence rates were modeled by cur-
rent age, calendar time and birth cohort using natural splines. Mortality
rates were additionally modeled by diabetes duration and age at diagno-
sis, also using natural splines.

@ Springer

Results: At the start of 1996, a total of 23,652 persons were alive with
type 1 diabetes and 69,975 with type 2 diabetes. In 2016 the numbers
were 30,244 and 245,879 respectively. The overall prevalence of type 1
diabetes increased from 0.42% to 0.52% (0.6% per year) and from 1.3%
to 4.3% (5.1% per year) for type 2 diabetes. The fraction of type 1 dia-
betes of all diabetes patients was 50% at 40 years of age and about 10%
for ages 60+. The age-specific prevalences from 1996-2016 are shown in
figure 1 for men and women. We observed an average annual decrease in
incidence of type 1 diabetes of 0.7% per year, and increase in incidence
rates of type 2 diabetes of 3.5% per year before 2012 and a decrease of
10% per year from 2012 to 2016. Mortality rates showed a slight decrease
of 1.5% per year for type 1 patients and 3.5% per year for type 2 patients.
The overall mortality rate ratio between type 1 and type 2 patients was
1.29 (controlling for age and calendar time).

Conclusion: In the period 2012-2016 we saw a decrease in incidence of
type 2 diabetes which was not seen for type 1, which makes the decrease
unlikely to be a registration artifact. A reduction in mortality was ob-
served for both type 1 and 2 but most for type 2, probably due to im-
proved treatment and/or earlier diagnosis. The mortality RR between
typel and type 2 may to some extent be explained by differing duration
of disease, however it is not meaningful to control for disease duration in
the comparison because the overlap of age and duration between type 1
and type 2 diabetes is limited.

Men Women

T1 diabetes prevalence (%)

T2 diabetes prevalence (%)

Disclosure: B. Carstensen: None.
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Cardiovascular disease risk in OGTT-diagnosed diabetes patients
with and without confirmation by HbA,. values: the Whitehall II
study

A.G. Tabak'?, E.J. Brunner’, M.J. Shipley?®, M. Kivimaki*?;
'Semmelweis University, Budapest, Hungary, *University College
London, London, UK, 3 University of Helsinki, Helsinki, Finland.

Background and aims: Several diabetes associations currently recom-
mend non-fasting test (HbAlc- A1C) for diagnosing diabetes leading to
declining use of fasting glucose and oral glucose tolerance test (OGTT) in
clinical practice. It is well known that the overlap between people
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diagnosed by an OGTT or an AIC is limited. We investigated (1) the
natural history of OGTT-based diabetes in terms of confirmation by A1C
and (2) the risk of cardiovascular disease (CVD) in people with A1C-
confirmed and unconfirmed OGTT-diagnosed diabetes compared to the
diabetes-free background population.

Materials and methods: During clinical phases 7 (2002-2004) and 9
(2007-2009) of the Whitehall II cohort study, both A1C and OGTT tests
were performed (N =9149). We determined how many of the 384 inci-
dent diabetes cases diagnosed only by OGTT were confirmed by AIC-
based diagnosis during the next 14 years and examined which factors
predicted confirmation. We followed participants for CVD up to 2015
to investigate differences in CVD risk between participants with health-
care diagnosed diabetes at phase 7 (n =632), incident diabetes cases at
phases 7 and 9, and those without diabetes throughout the study (n =
8133).

Results: During a mean follow-up of 12 years, 223 (58.1%) of the 384
OGTT cases were confirmed by HbAlc. The OGTT-diagnosis was more
frequently confirmed in people with higher BMI (HRpe; 1kg/m2=1.07,
95%CI 1.05-1.10), higher fasting glucose (HRper 1mmoin = 1.20, 95%CI
1.12-1.29), and if both the fasting and 2-hour glucose were diagnostic
(HR=1.99, 95%CI 1.27-3.10). After adjustment for age, sex, ethnicity
and social status, participants with health-care diagnosed diabetes and
A1C-confirmed OGTT-based diabetes had an increased CVD risk
(HR =1.87,95%CI 1.50-2.30 and HR = 1.63, 95%CI 1.11-2.41, respec-
tively), while OGTT-cases not confirmed by AIC had risk (HR=1.13,
95%CI 0.75-1.69) similar to the diabetes-free population. Further adjust-
ment for classical CVD-risk factors similarly attenuated the excess risk
associated with health-care diagnosed diabetes and A1C-confirmed dia-
betes although the latter no longer reached statistical significance at con-
ventional levels.

Conclusion: OGTT and A1C methods identify different populations with
diabetes and only a subsample of OGTT cases will be confirmed by A1C
during an extended follow-up. The OGTT-cases not confirmed by A1C
have a CVD risk similar to diabetes-free population, while A1C-
confirmed OGTT cases have an increased CVD risk. These findings
suggest that losing OGTT cases that cannot be confirmed by A1C is not
harmful in term of CVD prevention.

Supported by: US NIA, BHE, UK MRC

Disclosure: A.G. Tabak: None.
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Multiplex proteomics for prediction of major cardiovascular events
in type 2 diabetes

C. Nowak', A.C. Carlsson', C.J. Ostgrenz, F.H. Nystrémz, M. Alam®,
T.R. Feldreich®, J. Sundstrsm®, J.J. Carrero Roigs, J. Leppert4, P.O.
Hedberg®, A.C. Cordeiro®, L. Lind*, E. Ingelsson’, T. Fall*, J. Amlov'*;
"Department of Neurobiology, Care Sciences and Society (NVS),
Karolinska Institutet, Huddinge, Sweden, 2Linkt‘)ping University,
Linkdping, Sweden, *Dalarna University, Falun, Sweden, *Uppsala
University, Uppsala, Sweden, *Karolinska Institutet, Solna, Sweden,
®Dante Pazzanese Institute of Cardiology, Sao Paolo, Brazil, "Stanford
University School of Medicine, Stanford, USA.

Background and aims: Multiplex proteomics could improve under-
standing and risk prediction of major adverse cardiovascular events
(MACE) in type 2 diabetes. This study assessed 80 cardiovascular and
inflammatory proteins for biomarker discovery and prediction of MACE
in type 2 diabetes.

Materials and methods: We combined six prospective studies of 30-
to-77 year-olds with type 2 diabetes in whom 80 circulating proteins
were measured by proximity extension assay. Multivariable-adjusted
Cox regression was used in a discovery/replication design to iden-
tify biomarkers for incident MACE. We used gradient boosted ma-
chine learning in a random 75% training subsample to assess wheth-
er adding proteins to an established risk model based on the

Swedish National Diabetes Register improved prediction of
MACE in the separate 25% validation subsample.

Results: In 1,211 adults with type 2 diabetes (32% women), 211
experienced a MACE over 6.4+2.3 years. We replicated associa-
tions (<5% false discover rate) between eight proteins and risk of
MACE: matrix metalloproteinase-12, interleukin-27 subunit alpha,
T-cell immunoglobulin/mucin domain-1, fibroblast growth factor-
23, protein S100-A12, tumor necrosis factor receptor (TNFR)-1,
TNFR-2 and TNF-related apoptosis-inducing ligand receptor-2.
Addition of the 80-protein assay to the established risk model im-
proved discrimination in the separate validation sample from 68.6%
(95%-Cl, 68.2%—68.9%) to 74.8% (95%-CI, 74.6%—75.1%).
Conclusion: We identified eight protein biomarkers, four of which are
novel, for risk of MACE in community residents with type 2 diabetes, and
found improved risk prediction by combining multiplex proteomics with
an established risk model. Multi-protein arrays may improve the selection
of persons with diabetes for more aggressive cardiovascular prevention.
Supported by: Vetenskapsrddet, EU Horizon 2020, HLF, Landstinget
Dalarna

Disclosure: C. Nowak: None.
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Reduced eGFR and/or increased urinary albumin excretion rate are
powerful determinants of survival among insulin treated patients
with type 2 diabetes in routine practice

U. Anyanwagu, R. Donnelly, I. Idris;

Royal Derby Hospital Centre, University of Nottingham, Derby, UK.

Background and aims: Low estimated glomerular filtration rate (¢GFR)
and increased urinary albumin-to-creatinine ratio (ACR) are well
recognised diagnostic and prognostic markers of chronic kidney disease
(CKD) and cardiovascular (CV) risk, but their precise relationship with
CV disease and total mortality among insulin-treated Type 2 Diabetes
(T2D) patients in routine clinical care is unclear.

Materials and methods: We analysed data for insulin users with T2D
from UK general practices between 2007 and 2014 and examined the
association between mortality rates and CKD [categorised by low
eGFR (<60 mL/min/1.73 m?); high eGFR (>60 mL/min/1.73 m?); low
ACR (<300 mg/g); and high ACR (>300 mg/g) at insulin initiation] after
a 5-year follow-up period using Cox proportional hazard models.
Results: A total of 18,227 patients with T2DM on insulin therapy
were identified (mean age: 61.5+13.8 yrs, mean HbAlc: 8.6+
1.8%; 53% male). After adjusting for confounders, mortality curves
for each CKD category are shown below (log-rank p value <0.001).
When compared to adults on insulin therapy with an eGFR <60 and
an ACR >300 (low eGFR + high ACR) after a follow up period of 5
years, patients with an eGFR <60 and an ACR <300 (low eGFR +
low ACR) had a 6% lower mortality rate (aHR: 0.94; 95%CI: 0.79
to 1.12); those with an eGFR >60 and an ACR >300 (high eGFR +
high ACR) had a 20% lower mortality rate (aHR: 0.80; 95%CI: 0.68
to 0.96); and those with an eGFR >60 and an ACR <300 (high
eGFR + low ACR) had the lowest death rate (28% less; aHR:
0.72; 95%CI: 0.59 to 0.87) after adjusting for confounders.
Conclusion: This study shows that among a big cohort of insulin-treated
T2DM patients in routine practice, the combination of reduced eGFR
with increased ACR was associated with the greatest risk of premature
death, followed closely by those with reduced eGFR and normal ACR
levels. Adoption of aggressive CV risk management strategies to reduce
mortality in patients with a low eGFR and albuminuria is essential in
these high risk patients with T2D.
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No at risk (failure)

Low GFR & High ACR5563 (13) 5294 (137) 4594 (110) 4037 (122) 3493 (89) 3016
Low GFR & low ACR2521 (3) 2390 (59) 2106 (54) 1860 (40) 1649 (39) 1453
High GFR & high ACR5511 (3) 5222 (65) 4555 (44) 4023 (51) 3542 (48) 3080
High GFR & low ACR4631 (0) 4379 (48) 3834 (30) 3401 (38) 2965 (32) 2604

= Low eGFR & high ACR = Low eGFR & low ACR
= High eGFR & high ACR — High GFR & low ACR
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Disclosure: U. Anyanwagu: None.
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High glucose exposure reduces DNA demethylation of cAMP re-
sponse element (CRE) region in eNOS promoter during pro-
angiogenic CD34" stem cell differentiation

M. Vinci, V. Vigorelli, J. Resta, S. Genovese, G. Pompilio;

Centro Cardiologico Monzino - IRCCS, Milan, Italy.

Background and aims: Diabetic patients have reduced number and
activity of circulating CD34" stem cells. This clinical observation
has been associated with serious endothelial dysfunction and ele-
vated risk of adverse cardiovascular events, strengthening the con-
cept that the functional impairment of CD34" stem cells allows
further progression of vascular disease. The expression of endo-
thelial nitric oxide synthase (eNOS) in CD34"-derived endothelial
progenitor cells (EPCs) is a marker of proangiogenic differentia-
tion and its product, the nitric oxide (NO), plays a key role in the
mechanisms of bone marrow mobilization, migration, and homing.
NO bioavailability along with proangiogenic properties of CD34"-
derived EPCs are impaired in diabetic patients. We aimed at in-
vestigating whether reduced proangiogenic capacities of CD34"-
derived EPCs and altered NO bioavailability induced by hypergly-
cemia were associated with a defective epigenetic eNOS promoter
activation and gene expression.

Materials and methods: CD34" cells were purified from cord blood
of healthy donors and expanded in normal-glucose (NG; with
30 mM mannitol for osmotic control) or high-glucose (HG;
30 mM) serum-free medium plus cytokines (FLT3, SCF, IL3 and
IL6) for up to 20 days. NG and HG-CD34" cells were then cultured
in proangiogenic EGM2 medium. After 15 days NG and HG-
CD34*-derived EPC phenotype was evaluated by DiLDL-UEA-1
double-positive cell count. Their proangiogenic properties were
assessed by the ability to form colony forming units-endothelial cell
(CFU-EC) and by incorporation into endothelial tube-like structure.
NO production and eNOS mRNA expression were detected by flow
cytometry with DAF-2DA and qPCR, respectively. The DNA meth-
ylation of eNOS promoter was assessed by two-step qPCR method
followed by bisulfite cloning Sanger sequencing. Data were then
analyzed by QUMA software (http://quma.cdb.riken.jp/).

Results: After 15 days of culture in proangiogenic medium NG and HG-
CD34*-derived EPCs were evaluated for their proangiogenic phenotype.
HG-CD34*-derived EPCs displayed a significantly lower number of
double-positive stained cells (DiILDL-UEA-1) than their NG counterpart
(n=3;0.59+0.03 vs 0.44+0.03; p <0.05). The reduction of EPC dif-
ferentiation marker associated with an impaired ability of HG-CD34"-
derived EPCs to form CFU-EC (n =4; 6.74+1.0 vs 3.38+£1.2; p <
0.01) and to incorporate into endothelial tube-like structure (n =9; 92.7
+11.8 vs 27.7+7.8; p <0.01). In line with the impairment of
proangiogenic functionality, HG cells also showed reduced eNOS
mRNA expression (n =3; FC 1£0.2 vs 0.5+0.1; p <0.05) and NO
production (n =3; 69% + 10 vs 28% + 5 p <0.05). We further evaluated
DNA demethylation events occurring on eNOS promoter of CD34*stem
cells during proangiogenic differentiation. Interestingly, we found that
eNOS mRNA transcription in CD34*-derived EPCs occurred after CRE
region DNA demethylation of eNOS promoter. Consistent with gene
expression data, eNOS promoter of HG cells displayed higher DNA
CRE region methylation as assessed by two-step qPCR method (n =5;
FC 1+0.3 vs 4.9+ 1.6; p <0.05) and bisulfite sequencing.

Conclusion: CRE region DNA demethylation of eNOS promoter is in-
volved in eNOS mRNA expression and fosters proangiogenic differenti-
ation of CD34" stem cells. This activating epigenetic modification is
impaired by high glucose concentration.

Supported by: Ricerca Finalizzata, Ministero della Salute [PE-2011-
02348537]

Disclosure: M. Vinci: None.
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Apabetalone (RVX-208) an epigenetic modifier lowers risk of MACE
in diabetes patients with CVD by affecting monocyte adhesion to
endothelial cells

N.C.W. Wongl, L. Tsujikawal, E. Kulikowski', C. Calosing', S.
Wasiak!, D. Gilham', C. Hallidayl, J.0. Johansson?, M. Sweeneyz;
'Resverlogix Corp., Calgary, AB, Canada, *Resverlogix Inc., San
Francisco, USA.

Background and aims: Apabetalone (RVX-208, 200 mg/d) when
given orally to patients with type 2 diabetes mellitus (T2DM)
and CVD for 6 months leads to a 57% relative risk reduction in
major adverse cardiovascular events (MACE). RVX-208 is a se-
lective inhibitor (BETi) of bromodomain extra-terminal (BET)
proteins that are epigenetic readers of acetylated lysines in the
tail of histones. The benefits on CVD in T2DM patients is ex-
plored here by examining effects of RVX-208 to disrupt a key
pathologic step of monocyte adhesion to endothelial cells and the
genes underlying this process in CVD. Cellular adhesion and
genes believed to be part of this process are examined in response
to T2DM defects, high glucose (HG, 25.6 mM) and increased
dietary metabolite trimethyl-amine oxide (TMAO).

Materials and methods: Cultured THP-1 monocytes, HUVEC endothe-
lial cells and primary human hepatocytes (PHH) exposed to HG or vary-
ing levels TMAO (10-100 uM).

Results: In HG or TMAO, adhesion of THP-1 to HUVEC cells
was enhanced almost 2.4-fold but 20 uM RVX-208 blocked this
process by 30-70%. In addition, HG induced Very Late Antigen-4
(VLA-4) mRNA, a gene mediating THP-1 adhesion by 1.3-fold
and RVX-208 suppressed it >50%. Similarly, BETi blocked
TMAO induction of VLA-4 mRNA by >50% in THP-1. In
HUVECs RVX-208 abrogated HG induction of E-selectin and
MYD88 mRNA by 2- and 1.3-fold, respectively and lowered
TMAO induction of these mRNAs by >50%. Microbiome pro-
cessing of dietary phospholipids followed by hepatic flavin
mono-oxygenase-3 (FMO3) metabolism yields TMAO. In PHH
exposed for 24 hrs to RVX-208, FMO3 mRNA was lowered by
40% but it also suppressed an important regulator of FMO3 gene
transcription, farnesoid X receptor (FXR). BETi suppressed both
FXR mRNA and protein within 6 hrs by >80% suggesting a
direct effect of BETi on the FXR gene. Additionally, ChiP data
showed that BRD4, a BET protein, dissociated rapidly from FXR
DNA upon exposure to RVX-208. Since BRD4 guides a complex
containing RNA pol II along actively transcribed genes containing
highly acetylated histones, dissociation of BRD4 from FXR DNA
halts transcription of the gene.

Conclusion: Apabetalone inhibits HG and TMAO enhanced adhe-
sion of THP-1 to HUVECs, a process that is believed to trigger
the vascular inflammation component of CVD. RVX-208 sup-
presses genes that underlie cellular adhesion; VLA-4 in THP-1
and both E-selectin plus MYD88 in HUVECs. BETi blocks not
only activity of TMAO but also its production by inhibiting FXR
expression, a regulator of FMO3 gene transcription. The rapid
actions of BETi in dissociating BRD4 along with pol II from
FXR DNA suggests a direct effect of RVX-208 on FXR gene
transcription. Studies here examine potential roles of monocytes,
endothelial cells, hepatocytes and microbiome in CVD that con-
tribute to enhanced CVD risks in T2DM. Apabetalone a BETi
affects activity of these cells by altering function in such a way
as to limit their contribution to CVD. This action of BETi across
cell types suggests that RVX-208 affects many pathways underly-
ing CVD and provides potential explanation for why apabetalone
in targeting BRD4, leads to many benefits for lowering CVD
risks in T2DM patients.

Disclosure: N.C.W. Wong: Employment/Consultancy; Resverlogix
Corp. Stock/Shareholding; Resverlogix Corp.
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Liraglutide improves vascular dysfunction via regulating cAMP-
independent PKA-SIRT1/AMPK-PGCl«x pathway in perivascular
adipose tissue in obese mice

X. Sun, F. Han, N. Hou;

Department of Endocrinology, Affiliated Hospital of Weifang Medical
University, Weifang, China.

Background and aims: Perivascular adipose tissue (PVAT), with char-
acteristics of both white and brown adipose tissues (BAT), loses its anti-
contractile effect in endothelial-dependent pathway and exacerbates en-
dothelial dysfunction in obese subjects. Glucagon-like peptide-1 receptor
(GLP-1R) agonist possessed cardiovascular protective effects including
restoring endothelial dysfunction in obesity. However, these studies were
performed with the conditions of PVAT removed. Therefore, the aim of
this study was to determine whether liraglutide, GLP-1R agonist, could
improve vascular dysfunction (both anti-contractile effect of PVAT and
endothelial function) via regulating PVAT-related signaling pathways in
obesity.

Materials and methods: C57BL/6 mice were fed with a normal-chow
diet or a high-fat diet (HFD) with or without liraglutide treatment.
Vascular contraction and endothelial-dependent vasodilation (EDV) of
the thoracic aorta with or without PVAT (PVAT+ or PVAT-) were deter-
mined by the response to norepinephrine or acetylcholine, respectively.
Protein levels of PKA-SIRTI/AMPK-PGCl« signaling pathways in
PVAT were determined by western blot. BAT-related gene, pro-
inflammatory and antioxidant genes expression in PVAT were analyzed
by PCR.

Results: Treatment of HFD mice with liraglutide improved metabolic
profiles, glucose tolerance and insulin sensitivity (body weight, 29.2
+0.6 g vs. 38.5+£0.4 g; glucose, 102.22 +3.66 mg/dl vs. 114.54 +
3.64 mg/dl; NEFA 0.86 +0.16 mmol/L vs. 1.21 £0.25 mmol/L; AUC
glucose 21899 £483 vs. 29121 +828; AUC insulin 9404 £ 130 vs.
11587 +413; P <0.05). PVAT from control mice had a significant
anti-contractile effect on the aortic rings, which were attenuated in
HFD mice (maximal attenuation rate: 3.56% vs. 15.01%; P <0.05).
However, it was improved when treatment of HFD mice with
liraglutide or pre-incubation of PVAT with liraglutide ex vivo, with
the maximal attenuation rates increasing from 3.56% to 12.40% and
from 4.23% to 14.48%, respectively (P < 0.05). For EDV, there was a
significant impairment in EDV in aortic rings (both PVAT+ and
PVAT-) from HFD mice and this impairment was significantly exac-
erbated by PVAT (34.8% vs. 47.4%, P <0.05). However, liraglutide
treatment alleviated the impairment with no significant difference in
maximal vasodilation between PVAT+ ring and PVAT— ring (68.9%
vs. 70.9%, P <0.05). Pre-incubation of aortic ring (PVAT+) from
HFD mice with liraglutide ex vivo also restored this impairment of
EDV. However, Blockade or knockdown PKA, SIRT1 or AMPK but
not cAMP, attenuated or abolished these beneficial effects of
liraglutide on the anti-contractile capability and endothelial function.
Liraglutide treatment induced browning-related genes expression
(Cidea and UCP-1), activated AMPK-eNOS signaling pathway.
Additionally, we observed liraglutide effectively enhanced heme
oxygenase-1 gene expression and reduced TNF-o expression, indic-
ative of antioxidant and anti-inflammatory abilities. These beneficial
effects were due to activation of PKA-SIRT1/AMPK-PGC1« signal-
ing pathway by cAMP-independent way, as demonstrated by western
blot and PCR.

Conclusion: Our study indicates that liraglutide improves vascular dys-
function via regulating cAMP-independent PKA-SIRT1/AMPK-PGCl«x
pathway in PVAT from obese mice. These findings provide a novel mech-
anism for cardiovascular protection of liraglutide via regulating PVAT
function in obesity.

Supported by: National Natural Science Foundation of China
(81600663,81400829)

Disclosure: X. Sun: None.
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Methylglyoxal driven endothelial dysfunction in hyperglycaemia tar-
gets protein folding, protein synthesis, glycolysis and gluconeogenesis
pathways

N. Rabbani', A. Ashour?, Z. Irshad', J. Larkin®, M. Xue', P.J.
Thomalley';

lUniversity of Warwick, Coventry, UK, 2Taif University, Taif, Saudi
Arabia, 3University of Oxford, Oxford, UK.

Background and aims: Endothelial cell (EC) dysfunction in diabetes is
linked to development of diabetic vascular complications. It is character-
ized by increased inflammatory signalling, expression of adhesion mole-
cules and secretion of inflammatory cytokines, apoptosis and processes
supporting atherosclerosis. ECs accumulate methylglyoxal (MG) and
MGe-derived advanced glycation endproduct (AGE)-modified proteins
in hyperglycemia - suppression of which prevents EC dysfunction. Our
aim is to identify proteins modified by MG that may be mediators of EC
dysfunction in hyperglycemia.

Materials and methods: Human aortal endothelial cells (HAECs) were
incubated in primary culture with 5 mM (model normoglycemia) or
20 mM glucose (model hyperglycemia) for 6 days and cytosolic extracts
prepared. A cytosolic extract of human endothelial HMEC-1 cells was
incubated with exogenous MG to increase the modification by MG-
derived AGE, MG-H1, by 10-fold - typical of the upper limit of increased
MG in diabetes. Cytosolic protein extracts were reduced, alkylated and
digested with trypsin and lys-C and tryptic peptides analysed by nanoflow
liquid chromatography-Orbitrap Fusion™ (Thermo) high resolution
mass spectrometry. Proteins were identified by detection of at least 2
unique peptides using Progenesis QI 2.0 software (Nonlinear
Dynamics, Newcastle, UK). REACTOME, INTERPRO and receptor
binding domain (RBD) analysis was used for pathway, protein domain
enrichment and functional domain analysis, respectively.

Results: In high glucose concentration cultures of HAECs, only two proteins
were detected with MG modification: tho GDP-dissociation inhibitor 2
(RhoGDI2) and far upstream element-binding protein 2 (FUBP2); others
were < limit of detection. In MG-modified HMECI cytosolic extract, 1262
proteins were detected of which 220 (17%) had MG modification. MG-H1
modification was on 411 sites with highest modification found on pyruvate
kinase-M, [3-actin, x-enolase and heat shock protein 90-beta. Pathways anal-
ysis showed that MG-modified proteins were enriched in: protein folding,
protein synthesis, glycolysis and gluconeogenesis. Enriched protein domain
targets of MG modification were: TCP-1 and GroEL chaperonins,
phosphoserine and phosphothreonine binding sites of 14-3-3 proteins, protea-
some alpha/beta subunits and conserved sites of aminoacyl-tRNA synthases.
All have conserved functional arginine residues. To assess if MG modifica-
tion was likely associated with functional impairment, we deduced the pro-
portion of the MG muodifications found in sites of protein functional interac-
tion by RBD analysis. There was a relatively high proportion of MG modi-
fication in functional sites, 36%, with at least one modification on 47% of
proteins.

Conclusion: MG modification of FUBP2 - checkpoint for inflammatory
cytokines - may increase inflammatory signaling, and modification of
RhoGDI2 may activate Rac2 and endothelial NADPH oxidase, driving
oxidative stress in ECs in hyperglycemia. MG glycation is damaging
because its produces loss of arginine residue charge and arginine targets
are enriched in protein functional domains. MG modification may medi-
ate impaired chaperone activity, serine/threonine kinase signalling,
proteasomal proteolysis and protein synthesis associated with vascular
complications of diabetes.

Disclosure: N. Rabbani: None.
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Increased hexokinase-2-catalysed entry of glucose into glycolysis: key
driver of metabolic dysfunction in endothelial cells in
hyperglycaemia

@ Springer

P. Thornalley', Z. Irshad!, M. Xue', A. Ashour?, N. Rabbani';
1Urliversi'[y of Warwick, Coventry, UK, Taif University, Taif, Saudi
Arabia.

Background and aims: Metabolic dysfunction of endothelial cells in
hyperglycemia contributes to the development of vascular complications
of diabetes. Multiple pathways of metabolic dysfunction are involved,
including mitochondrial dysfunction, hexosamine, protein kinase C and
advanced glycation endproduct pathways. This requires increased entry
of glucose into glycolysis catalysed by hexokinase-1 and -2 (HK-1 and
HK-2). These enzymes are saturated with glucose substrate even under
normoglycemic conditions. We investigated the mechanism of increased
entry of glucose into glycolysis in endothelial cells in model hyperglyce-
mia in vitro.

Materials and methods: Human aortal endothelial cells (HAECs) were
incubated in primary culture with S mM glucose (model normoglycemia)
or 20 mM glucose (model hyperglycemia) for 6 days. Glucose consump-
tion and net flux of formation of L-lactate were measured by enzymatic
assays. Fructosyl-lysine (FL) content of cell protein was determined by
stable isotopic dilution analysis liquid chromatography-tandem mass
spectrometry. HK-1 and HK-2 mRNA was quantified by RT-PCR and
HK-1 and HK-2 protein by label-free quantitative proteomics in cytosolic
protein extracts by nanoflow liquid chromatography-Orbitrap Fusion™
mass spectrometry (Thermo), corroborated by Western blotting.
Results: In high glucose cultures, FL content of cellular protein was
increased, compared to low glucose control (5.71+1.05 versus 2.92 +
1.60 mmol/mol lys, n = 3; +96%, P < 0.01), indicating persistent cytosol-
ic hyperglycemia linked to GLUT1-dependent glucose uptake. The flux
of glucose consumption in high glucose concentration was increased,
compared to low glucose concentration control (2079 +246 versus
1175 +87 nmol/10° cells/day, n =8; +77%, P <0.01). The net flux of
formation of L-lactate was also increased. Proteomics analysis showed
the abundance of HK-1 was unchanged in high glucose concentration
cultures whereas HK-2 was increased 40% (P < 0.05). This was con-
firmed by Western blotting. There was no increase of HK-1 and HK-2
mRNA, suggesting that HK-2 protein is selectively stabilised from pro-
teolysis in high glucose concentration. HK-2 is degraded by chaperone-
mediated autophagy where heat shock cognate 71 kDa protein binds to
motif 71,QRFEK76. This motif is directly involved in the binding of
glucose at the active site in the C-terminal domain of HK-2 but not in
HK-1. In the presence of cytosolic hyperglycemia, increased binding of
glucose masks the degradation motif and HK-2 protein is stabilised to
proteolysis. The turnover number of HK-2 is ca. 5-times that of HK-1 and
hence glucose metabolism is highly sensitive to increased HK-2 protein.
Increased cellular glucose-6-phosphate in high glucose concentration cul-
tures displaces HK-2 from mitochondria, driving mitochondrial dysfunc-
tion in hyperglycemia. Decrease of HK-2 to normal levels by treatment
with trans-resveratrol-hesperetin combination corrected increased HK-2,
glucose consumption and metabolic dysfunction.

Conclusion: Increased HK-2-catalysed entry of glucose into glycolysis is
a key driver of metabolic dysfunction in endothelial cells in hyperglyce-
mia. Combination of GLUT1-dependent glucose uptake and HK-2 ex-
pression are likely key criteria for damaging effects which may explain
the sensitivity of the vasculature, kidney, retina and peripheral nerve to
damage in hyperglycemia.

Disclosure: P. Thornalley: None.
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Comparative study in various model organisms regarding the effect
of the loss of glyoxalase 1

B. Fuchs', J. Morgensternl, J. Tyedmersl, E. Lodd®, I. Kroll?, D.
Schuhmacher’, M. Freichel’, P. Nawroth*, T. Flemingl’4;

'Department of Internal Medicine T and Clinical Chemistry, University
Hospital Heidelberg, Heidelberg, *Medical Faculty Mannheim, Center
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Center for Diabetes Research (DZD), Neuherberg, Germany.

Background and aims: The generation of methylglyoxal-derived ad-
vanced glycation end products has an important role in the development
of diabetes and late diabetic complications. Detoxification by glyoxalase
1 (GLO1) might therefore play an important role in the context of
dicarbonyl-induced damage in patients suffering from diabetes. This as-
sumption was based on findings in less developed organisms. Recent
findings in murine cell lines indicate that GLOL1 is less significant in
higher organisms. It was shown that loss of GLO1 is compensated by
increased Aldo-Keto-Reductase and Aldehyde Dehydrogenase activity
and improves the resistance against various toxins and radiation.
Therefore, the major aim of this study was to address potential differences
in complex organisms regarding their dependency on GLO1.

Materials and methods: The total knock-out of GLO1 (GLO1 ") was
achieved in several murine cell lines and in a mouse model using the
CRISPR-Cas9 technique. GLO1™~ of yeast, C. elegans and zebrafish
were provided by collaboration partners. To determine the effect of
GLO1™"", the survival rate after toxin exposure was determined by
counting the survival/living organisms. MG-H1 expression was quanti-
fied via Western blotting. Intracellular levels of MG and MG-H1 were
measured by LC-MS/MS.

Results: GLO1~~ models of less evolved organisms such as yeast and C.
elegans were more sensitive to hydrogen peroxide and formaldehyde. In
those organisms MG-H1 was accumulated. The GLO1™~ zebrafish em-
bryos seem to be slightly resistant against toxins compared to wild-type
animals. Furthermore, a mouse model showed an increased natural sur-
vival rate when GLOI is missing.

Conclusion: Complex organisms are less dependent on GLO1 and less
prone to damage despite the loss of GLO1 than expected. In GLO1™~
mice and isolated murine cells, GLO1~/~ phenotype even showed a pro-
tective character. Therefore, we claim that the loss of GLO1 has less
severe effects on higher organisms than expected and might even lead
to an advantage on survival. The clinical relevance of GLO1 and possible
compensatory pathways on the development of late diabetic complica-
tions in different organs has to be addressed in future studies.
Disclosure: B. Fuchs: None.
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The influence of brain metabolism in insulin secretion and action
assessed with FDG-PET in humans

E. Rebelos', M. Bucci', M.-J. Honka', A. Latva-Rasku', M. Laakso?,
K.A. Virtanen', J.C. Hannukainen'!, L. Nummenmaa', A. Mari®, P.
Tozzo®, P. Nuutila';

"Turku PET Centre, Turku, Finland, Institute of Clinical Medicine,
University of Eastern Finland, Kuopio, Finland, 3Institute of
Neuroscience, National Research Council, Padua, Italy, “Institute of
Clinical and Experimental Physiology, Pisa, Italy.

Background and aims: Recent intervention studies have shown that
brain glucose uptake (BGU) measured during euglycemic
hyperinsulinemia and ['*FJFDG-PET imaging is increased in subjects
with impaired glucose tolerance and morbidly obese subjects compared
to normal glucose tolerant and lean subjects. The aim of this study was to
evaluate insulin stimulated BGU and endogenous glucose production
(EGP) and beta cell function in a larger cohort of subjects studied in
our center.

Materials and methods: Data from 151 subjects were pooled together.
Brain FDG-PET images were similarly pre-processed and BGU paramet-
ric images were calculated. Statistical analysis was performed with
Statistical parametric mapping (SPM). Endogenous glucose production
(n =132) was calculated with FDG data. Beta cell function (n = 67) was
estimated by C-peptide modelling during OGTT.

Results: In the whole dataset (z = 151) insulin-stimulated BGU was
negatively associated with age (p =0.0006, »=-0.28), M-value (p <
0.0001, »=-0.38) (Figure 1A) and positively associated with BMI
(p <0.0001). In a multivariate analysis including age, BMI, M-value,
gender only the association between insulin-stimulated BGU and age,
and insulin-stimulated BGU and M-value remained significant. Across
all subjects (n = 132) there was no association between insulin-stimulated
BGU and insulin-suppressed EGP. When dividing the subjects in tertiles
of BMI, a positive association between BGU and EGP was found in the
higher 2 tertiles (p =0.03, »=0.24) (Figure 1C), but not in the lean’s
group. We found a positive association between insulin-stimulated BGU
and basal insulin secretion (p = 0.0002, »=0.45, n = 67) (Figure 1B) and
total insulin secretion (p = 0.002, » = 0.37, n = 67). After correcting for the
M-value the association between BGU and basal insulin secretion
remained significant (p < 0.001), but not for total insulin secretion.
Conclusion: In this large dataset including subjects across a wide spec-
trum of age, BMI, and insulin sensitivity, BGU was associated positively
with EGP in the overweight and obese subjects. BGU also associated
positively with basal insulin secretion and negatively with insulin sensi-
tivity. These data suggest that central metabolism in humans, assessed
with insulin-stimulated BGU, is involved in the regulation of both insulin
secretion and peripheral insulin action.
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Clinical Trial Registration Number: NCT01931540, NCT00793143
Supported by: Academy of Finland
Disclosure: E. Rebelos: None.
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Hypothalamic orexin system prevents the development of non-
alcoholic fatty liver disease in diet-induced obese mice

H. Tsuneki, K. Kon, S. Takata, T. Maeda, K. Otsuka, T. Wada, T.
Sasaoka;

Department of Clinical Pharmacology, University of Toyama, Toyama,
Japan.

Background and aims: Whole-body energy balance is maintained by
inter-organ networks. In this mechanism, hypothalamic orexin system
plays a central role by synchronizing the daily rhythms of sleep-wake,
feeding-fasting, and glucose/energy metabolism. However, it remains un-
clear whether orexin prevents metabolic disorders under the conditions of
obesity. Therefore, we investigated the functional significance of orexin
in preventing non-alcoholic fatty liver disease (NAFLD) in obese mice.
Materials and methods: Male orexin knockout (OXKO) mice, female
OXKO mice with or without ovariectomy (OVX), and their controls were
fed a high fat diet (HFD) for 16-24 weeks. Also, OVX-OXKO mice and their
controls were fed a high fat and high fructose diet (HFFD) for 20 weeks.
Orexin A was intracerebroventricularly (ICV) injected to type 2 diabetic db/
db mice. The expression profiles of mRNAs and miRNAs in peripheral
tissues were examined by RT-qPCR and GeneChip microarray analyses,
respectively. Hepatic fibrosis was determined by Sirius-red staining.

@ Springer

Results: HFD-fed male OXKO mice showed severer obesity and impair-
ment of glucose tolerance than wild-type (WT) controls. In the liver and
white adipose tissue (WAT), the tissue weight, the levels of chronic in-
flammation markers (e.g., Mcp-1 mRNAs), and hepatic triglyceride con-
tent were more rapidly increased in OXKO than WT mice on HED. Also,
in females, these metabolic parameters were markedly increased in the
liver and WAT of OXKO mice when compared to WT mice on HFD, and
the levels were further increased by ovariectomy (i.e., in OVX-OXKO
mice). Pathway analysis of hepatic miRNA profiles demonstrated that
orexin deficiency promoted development of NAFLD. Importantly, hepat-
ic fibrosis developed in OXKO but not WT mice on HFD. Moreover,
when fed HFFD, obvious fibrosis was observed in the liver sections of
OXKO but not WT mice, despite similar hepatic triglyceride accumula-
tion. The fibrosis was exacerbated in the following order: HFD/HFFD-
fed controls << HFD-fed OXKO < HFD-fed OVX-OXKO < HFFD-fed
OVX-OXKO. Repetitive ICV injection of orexin A reduced the levels of
proinflammatory markers in the WAT of db/db mice.

Conclusion: The present results provide the first evidence that endoge-
nous orexin contributes to prevent obesity-related disorders, including
NAFLD, in both sexes of mice. Since the orexin expression is down-
regulated by diabetic hyperglycemia, enhancement of the orexin action
is considered to be a novel therapeutic approach to prevent obesity/type 2
diabetes-induced NAFLD.

Supported by: JSPS KAKENHI Grant Number JP15K09380,
JP15K15599

Disclosure: H. Tsuneki: None.
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Secretin activates brown fat and induces satiation in humans

S. Laurila'?, M. Lahesmaa'?, L. Sun?, K. Braun®*, K. Virtanen?, K.
Laitinens, M. Klingenspor3’4, L. Nummenmaa®, P. Nuutila"?;
"Department of Endocrinology, Turku University Hospital, Turku,
Finland, >Turku PET Centre, University of Turku, Turku, Finland,
3ZIEL - Institute for Food and Health, Technical University Munich,
Freising, Germany, 4Chair for Molecular Nutritional Medicine, EKFZ -
Else Kroner-Fresenius Center, Technical University Munich, Freising,
Germany, 5De:p:mment of Biomedicine, University of Turku, Turku,
Finland.

Background and aims: Cold-induced brown adipose tissue (BAT) acti-
vation in humans is by now a well known phenomenon. Recent preclin-
ical studies suggest that secretin induces satiation in mice through activa-
tion of an endocrine gut - BAT - brain axis. Our aim was to investigate
whether secretin administration effects BAT activation and satiation in
humans as well.

Materials and methods: Fifteen healthy, normal weight males (age
41.6+12.1 years, BMI 24.0+1.9) were recruited. The study
consisted of two phases: the assessment of BAT metabolic activity
using PET/CT (n =15) and brain functional magnetic resonance im-
aging (fMRI) to investigate satiation (n =10). In both parts, study
subjects were randomized and blinded to receive placebo (saline) and
secretin (2 IU/kg secretin pentahydrochloride) prior to scans on sep-
arate days. For PET studies, tissue glucose uptake was measured with
['®F]-FDG and whole body energy expenditure monitored by indirect
calorimetry. For fMRI studies, neural activity intensity response was
assessed while subjects viewed appetizing and bland food images.
Subjects filled in a subjective visual analogue scale questionnaire to
measure composite satiety score.

Results: Secretin induced an increase in glucose uptake in BAT (1.1+£0.7
vs 0.7+0.3 umol/100 g/min, p = 0.02) and skeletal muscle (1.2+0.5 vs
0.8+0.2 pmol/100 g/min, p =0.002). Secretin administration also in-
duced an increase in whole body energy expenditure (1680 + 150 vs
1640 + 130 kilocalories/day, p =0.01). The composite satiety score at
fasting was increased after secretin administration compared to placebo
(46.4+10.3 vs 41.1 £12.03 millimeters p =0.01). Secretin also
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downregulated the brain reward circuitry during the fMRI food-reward
experiment (statistical significance was thresholded at p < 0.05).
Conclusion: In the post-absorptive state, secretin not only increases
whole body energy expenditure by activating brown adipose tissue and
muscle, but also induces satiation and attenuates reward. These results
suggest that secretin has a role in regulating appetite and food intake in
humans, possibly via the activation of BAT.

Placebo

Secretin

Contrasts are made between appetizing and bland foods.
Orange signifies increased and green signifies reduced activity

Clinical Trial Registration Number: NCT03290846
Supported by: Academy of Finland
Disclosure: S. Laurila: None.
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Impaired brain plasticity in obesity: effects of bariatric surgery and
gut hormones

G. Danielel, A. Dardano', C. Lunghiz, L. Giusti', A. Ciccarone', F.
Santini', G. Ceccarini', R. Bellini®, C. Moretto®, R. Miccoli!, G.
Pennol, M. Morronez, S. Del Prato';

'Department of Clinical and Experimental Medicine, University of Pisa,
Pisa, “Department of Translation Research on New Technologies in
Medicine and Surgery, University of Pisa, Pisa, 3Bariatric and
Metabolic Surgery Unit, University of Pisa, Pisa, Italy.

Background and aims: Obesity and diabetes are associated with reduced
plasticity in the hippocampus and impairment of memory and learning. It
is still unclear whether obesity can alter plasticity in the sensory cortex.
Gut hormones play a crucial role in neuroplasticity (NP) but to which
extent it can mediate obesity’s effects on NP and cognition is still poorly
evaluated. The aims of the study were to evaluate: i) the effect of obesity
and bariatric surgery (RYGB) on NP ii) the relationship between NP and
gut hormones (GLP-1, GIP and VIP) changes 6 months (6m)after RY GB
iii) the relationship between NP, BDNF, Leptin and cognitive
performance

Materials and methods: NP was assessed testing binocular rivalry be-
tween orthogonal gratings (size: 2°, contrast: 50%, SF: 2¢pd) before and
after 2 h of monocular deprivation (index of brain plasticity in the visual
cortex). NP evaluation has been performed on 20 healthy volunteers (NS)
(age 26 = 10 years, BMI 21.7+2.6 kg/m?) and 31 obese subjects (OB)
(age: 40+ 11 years; BMI: 41.6 +6.7 kg/m®) in fasting condition. A sub-
group of OB (n = 13; BMI 45.8 + 4.9 kg/m?; age 43.7+ 9.5 years; HbAlc
41.5 4+ 5.4 mmol/mol) underwent a 75 g OGTT before and 6m after
RYGB. NP was performed at baseline, 1, 3 and 6 m after RYGB. Gut
hormones, BDNEF, leptin and cognitive performance were assessed at
baseline and 6 m after RYGB

Results: In the whole population NP was lower in OB as compared to NS
(0.12+0.05 vs. 0.04£0.08, p < 0.0001) and NP was inversely correlated
with BMI (»=-0.55; p <0.001). In the OB subgroup 6 m after RYGB a

significant BMI reduction (45.8 £4.9 to 34.3 + 1.6 kg/m?; p < 0.001) was
associated withimproved glucose metabolism (HOMA-IR: 4.7+0.9 to
1.6 £0.4; P =0.006; Disposition Index: 0.07+0.02 to 0.81 +
0.30 mUI x ml /mg x dI"" x 1/mUI x ml""; P <0.05). NP was progres-
sively restored (ANOVA: F(3.24) = 5.7, p = 0.002) with a 10 fold increase
of NP 6 m after RYGB (0.01 £0.03 to 0.11£0.04; p =0.008). Post-
OGTT GLP-1 increased (5336+2263 to 11132 +3412 pmol/l x
120 min; p <0.05) as well as GIP (4140 £3659 to 5791 £4537 pg/ml x
120 min; p = 0.01). The NP increase was correlated to active GLP-1 and
negatively with GIP increase(p <0.05). VIP levels did not change 6 m
after RYGB with no correlation with NP. Fasting plasma leptin decreased
(73.8+45.5 to 14.3£5.9 pmol/l; p <0.008) and it was inversely corre-
lated with NP increase (p <0.05). Baseline BDNF was inversely corre-
lated with fasting insulin (» =—0.76; p = 0.007) and it did not change after
6m RYGB. Post-RYGB BDNF inversely correlated with NP (p <0.05)
but positively with both total and active GLP1 (p <0.05). NP correlated
with cognitive performance (p <0.05). In a multiple linear regression
analysis, addition of post-RYGB gut hormones, BDNF and Leptin to
BMI and fasting glucose improved the  associated to post-RYGB NP
(#* change: 0.881; F change: 10732.19; p = 0.007)
Conclusion: Obesity is associated with abnormal NP in visual cortex that
can be reversed by weight-loss following bariatric surgery, supporting a
strong effect of peripheral metabolism on early sensory plasticity and
function. The relationship between NP increase, circulating gut hor-
mones, BDNF and Leptin suggest a potential role of these hormones in
the NP restoration and cognitive function in humans
Clinical Trial Registration Number: NCT03414333
Disclosure: G. Daniele: None.
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Genetic disruption of Adipose Triglycerides Lipase (ATGL) in
mediobasal hypothalamic neurons induces overweight and metabolic
disturbances

R. Manceau', K. Bouyakdanl, A. Fisette!, D. Rodaros', G. Mitchell?, S.
Fultonl, T. Alquierl;

!Cardiometabolic, CRCHUM, Montreal, “°CRCHU Ste Justine, Montreal,
Canada.

Background and aims: Adipose Triglyceride Lipase (ATGL) acts as the
first lipase in the hydrolysis of triglycerides (TG). Recent studies
show that ATGL in peripheral tissues plays major roles on energy
homeostasis. We found that ATGL is expressed in the mediobasal
hypothalamus (MBH) and in hypothalamic neuronal cell lines, in
line with our recent study suggesting that neurons accumulate TG.
ATGL expression is increased in the MBH of high fat-fed mice that
maintain a healthy body weight compared to mice that become
obese. In addition, ATGL expression in the MBH is increased in
response to fasting. This suggests that increased ATGL may play a
role in maintaining a healthy metabolic profile. We propose that
hypothalamic ATGL regulates lipid metabolism in the brain that in
turn contributes to energy balance.

Materials and methods: To test this hypothesis, synapsin-Cre or -GFP
expressing AAV are stereotaxically injected in the arcuate nucleus (ARC)
of male ATGL flox mice to KO ATGL specifically in neurons
(ARC-AATGL).

Results: First, we validated that ATGL expression is reduced by 50% in
ARC-AATGL mice compared to ARC-WT. We found that
ARC-AATGL have increased weight gain on a chow diet compared to
control animals that is associated with reduced energy expenditure and
increased food intake and fat mass. In addition, chow-fed ARC-AATGL
mice have an increased fasting glycaemia and mild glucose intolerance.
Finally, pharmacological inhibition of ATGL in hypothalamic neurons in
vitro increases intracellular TG content.

Conclusion: Together, our findings suggest that the ATGL pathway in
MBH neurons beneficially regulates glucose and energy homeostasis by
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mechanisms that may involve regulation of TG and lipid droplets
metabolism.

Supported by: NSERC

Disclosure: R. Manceau: Grants; NSERC.
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Brain insulin action stimulates pancreatic insulin secretion: results
from hyperglycaemic clamps

M. Heni'?, R. Wagnerl’z, C. Willmann'?, B.A. Jaghutrizl’z, A.
Vosseler'?, C. Kiibler', A. Peter'?, H.-U. Héiring"z, H. Preissl'?, S.
Kullmann®?3, A. Fritsche';

'Division of Endocrinology, Diabetology, Nephrology, Vascular Disease
and Clinical Chemistry, University Hospital Tiibingen, Tiibingen,
Institute for Diabetes Research and Metabolic Diseases of the
Helmholtz Centre Munich at the University of Tiibingen, Tiibingen,
3German Center for Diabetes Research (DZD), Neuherberg, Germany.

Background and aims: Animal studies and initial correlative analyzes in
humans indicate that insulin action in the brain may affect pancreatic
insulin secretion. An important brain region for this process appears to
be the hypothalamus. Like other human brain areas, the hypothalamus
can also develop insulin resistance. We now investigated whether induc-
tion of brain insulin action by intranasal insulin influences pancreatic
insulin secretion.

Materials and methods: 15 young, healthy men (27 + 2.3 years) with a
large BMI spectrum (21-28 kg/m?) underwent two hyperglycemic
clamps (target blood glucose: 10 mmol/l). In this double-blind study,
subjects were randomized to receive 160 units of insulin as a nasal spray
on one day and placebo on the other. On another day, the insulin sensi-
tivity of the hypothalamus was determined by functional magnetic reso-
nance imaging.

Results: Glucose levels were comparable on both study days. In the
whole group, C-peptide levels were not significantly different between
conditions. Though, there was a significant interaction between insulin
sensitivity of the hypothalamus x nasal spray x time on C-peptide levels
(p =4 x107%). The group was therefore divided according to median
hypothalamic insulin sensitivity. In the group with high insulin sensitivity
of the brain, C-peptide levels were higher after insulin nasal spray than
after placebo spray (p(nasal spray x timey = 0.004). This effect was especially
noticeable after minute 10 of the hyperglycemic clamp. In the group with
low brain insulin sensitivity, the nasal spray did not affect C-peptide
levels (p(nasal spray x time) — 0.4).

Conclusion: In participants with high hypothalamic insulin sensitivity,
insulin action in the brain enhanced insulin secretion from pancreatic beta
cells. This reaction could, for example, contribute to a sufficient suppres-
sion of hepatic glucose production by portal venous insulin in the post-
prandial state.

Clinical Trial Registration Number: NCT02870361

Supported by: EFSD, DZD

Disclosure: M. Heni: None.
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Extended synaptotagmin-1 controls insulin secretion through diacyl-
glycerol transport at ER-PM contact sites

B. Xie, O. Idevall-Hagren;

Medical Cell Biology, Uppsala Univerisity, Uppsala, Sweden.

Background and aims: The endoplasmic reticulum (ER) is essential for
protein and lipid synthesis and Ca* homeostasis. Dysfunctional ER is
associated with (3-cell failure and death in diabetes. The ER form contacts
with other cellular compartments, including the plasma membrane (PM),
and these sites are important reactions centres where ion and lipid ex-
change occurs. The Extended Synaptotagmins (E-Syts) are ER-localized
proteins that bind the PM and transport lipids in a Ca>*-dependent man-
ner. Recent studies have shown that the E-Syts participate in diacylglyc-
erol (DAG) clearance from the PM, but the biological relevance of this
transport mechanism is still unclear. The aim of our study was to inves-
tigate if E-Syt-mediated signalling at ER-PM contacts plays a role in
insulin secretion.

Materials and methods: TIRF microscopy was used to study the subcel-
lular distribution kinetics of fluorescently tagged E-Syts and changes in Ca®*
(R-GECO) and DAG (mCh/GFP-Cl1aClb) levels. An optogenetic tool to
generate artificial ER-PM contacts was developed. MING6 cells were used
for all experiments. Cell lines stably expressing non-targeting or E-Sytl-
targeting shRNA were also generated. Secretion from single cells was mea-
sured using a pH-sensitive fluorescent reporter (VAMP2-pHI) and from
batches of cells using the AlphalLISA technique (Perkin-Elmer).

Results: Immunoblotting revealed high expression of E-Sytl in both
MING cells and mouse islets. Fluorescence-tagged E-Sytl was recruited
to the PM by both K*- and glucose induced Ca**-increases, and this
resulted in expansion of ER-PM contacts that co-localized with L-type
voltage-dependent Ca>* channels (55+ 7% enrichment, P <0.001).
Insulin secretion stimulates transient and repetitive DAG formation
(spiking) in the PM by autocrine activation of PLC. DAG formation
correlated spatio-temporally with E-Sytl PM-binding, and the overex-
pression of E-Sytl suppressed DAG spiking frequency (52%, P <
0.001) and amplitude (49%, P <0.001) whereas E-Sytl knockdown in-
creased spike amplitude (50%, P < 0.001) and duration (20%, p < 0.05).
Together, these observations indicate a role of E-Syt1 in DAG clearance.
E-Sytl knockdown was associated with 76% reduction (n =3, p <0.05)
in glucose-stimulated insulin secretion. Optogenetic ER-PM contacts
were constructed by replacing the C-terminus of E-Sytl with CRY2 and
anchoring CIBN in the PM by a transmembrane domain. Blue light illu-
mination stimulated CRY2-CIBN binding, resulting in the generation of
ER-PM contacts. These contacts did not affect K*- or glucose-induced
Ca”* influx, but suppressed the frequency of secretagogue-induced DAG
spikes by 61% (P <0.05). The light-induced expansion of ER-PM con-
tacts resulted in amplification of K*-induced insulin granule exocytosis
(50%, P <0.001).

Conclusion: Plasma membrane DAG levels are regulated by E-Sytl at
ER-PM contact sites in a Ca>* dependent manner. The E-Sytl-mediated
removal of DAG positively regulates insulin secretion by an unknown
mechanism, and the findings more broadly identify ER-PM contacts as
important reaction centres for the regulation of insulin secretion.
Disclosure: B. Xie: None.
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Regulation of pancreatic beta cell insulin secretion by RGS2
T. Speckmann, P.V. Sabatini, C. Nian, D.S. Luciani, F.C. Lynn;
Dept. of Surgery, University of British Columbia, Vancouver, Canada.

Background and aims: Insulin-secreting (3-cells in the pancreatic islets
of Langerhans are important regulators of glucose homeostasis. During
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type 2 diabetes (T2D), which is associated with hyperglycemia and obe-
sity, excess nutrients such as high glucose or the fatty acid palmitate can
cause [3-cell stress and exhaustion. We previously found that the calcium-
dependent transcription factor, Neuronal PAS domain protein 4 (NPAS4),
can alleviate {3-cell stress by reducing both insulin production and secre-
tion, though it remains unknown which target genes mediate this effect.
Because regulator of G protein signalling (RGS) protein family members
are known to regulate (3-cell function and survival, we hypothesized that
the direct NPAS4 target gene Regulator of G protein signalling 2 (RGS2)
mediates these [3-cell cytoprotective effects.

Materials and methods: To test our hypothesis, Rgs2 was adenovirally
overexpressed (Ad-Rgs2) and compared to control overexpression
(Ad-BGal) in primary mouse islets and MING6 cells. Furthermore, Rgs2
loss of function was studied by using CRISPR-Cas9 to derive clonal Rgs2
knockout MING cell lines.

Results: Compared to control, Rgs2 overexpression blunted glucose-
stimulated insulin secretion by 30% or 55-70% in mouse islets or
MING cells, respectively, whereas KCl-induced insulin release and total
insulin content remained unchanged (p <0.05, Student’s t test). When
examining what caused the decrease in insulin secretion, we discovered
that glucose-induced intracellular calcium (Ca*) amplitudes were dimin-
ished by 17% in Ad-Rgs2 overexpressing MING cells compared to con-
trol (p <0.05, Student’s t test). Moreover, Ad-Rgs?2 islets exhibited 30%
reduced oxygen consumption rate (OCR) at high glucose (p <0.05,
Student’s t test). In order to further elucidate the mechanism by which
RGS?2 represses glucose-stimulated insulin secretion, clonal Rgs2 knock-
out cell lines were derived and loss of RGS2 expression confirmed by
western blot. Initial results indicate that insulin secretion is elevated in
Rgs2 knockout cells.

Conclusion: To date, our results suggest that activity-dependent Rgs2
expression tempers glucose metabolism leading to reduced depolariza-
tion, reduced Ca2+i, and reduced insulin secretion. Of note, RGS2 expres-
sion levels were found significantly reduced in islets from T2D donors,
indicating that a population of T2D patients may benefit from restoration
of RGS2. Additionally, these studies provide a new model for future study
of how Rgs2 expression impacts 3-cell function.

Supported by: CIHR MOP-142222

Disclosure: T. Speckmann: None.
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Evaluation of the acute metabolic effects and specificity of GPRS55
agonists (Abn-CBD and AM251) on islet and enteroendocrine cell
function

A.G. McCloskey, M.G. Miskelly, P.R. Flatt, A.M. McKillop;

Diabetes Research Group, Ulster University, Coleraine, UK.

Background and aims: Type-2-diabetic therapies which enhance beta
cell regeneration and function are needed and interest has focused on G-
protein coupled receptors (GPCRs). G-protein coupled receptor 55
(GPRSS), a novel endocannabinoid receptor has been identified as a
potential anti-diabetic target, through the regulation of islet and
enteroendocrine cell function. GPRSS5 function was evaluated by identi-
fying and utilising selective GPR55 agonists and assessing their potential
as novel therapeutic agents.

Materials and methods: CRISPR/Cas9 gene editing was employed to
develop a clonal pancreatic GPR55 knockout BRIN-BD11 cell line.
Specificity and insulinotropic activity of GPR55 agonists were assessed
in wild type and GPRSS5 knockout BRIN-BD11 cells, with potency con-
firmed in human 1.1B4 cells. GPR55 expression and distribution were
assessed by qPCR and western blotting in BRIN-BD11 cells and by
immunohistochemistry in high fat fed (HFF) induced diabetic mouse
pancreas and small intestine. Acute metabolic effects of agonist mono-
therapy (0.1 uM/kg BW) and combinational therapy (DPP-IV inhibitor
[50 mg/kg BW]) in-vivo were investigated in HFF-induced diabetic NTH-
Swiss mice. Animals were subjected to an oral glucose tolerance test and

received either glucose alone (18mmol/kg BW) or glucose in combina-
tion with GPR55 agonist monotherapy and/or combinational therapy.
Results: Targeted CRISPR/Cas9 gene editing diminished GPR55 mRNA
(p <0.001) and protein expression (p < 0.001) in pancreatic BRIN-BD11
cells, with sanger sequencing confirming bi-allelic deletion of the GPR55
start codon. Synthetic agonists Abn-CBD (10 °-10"*M) and AM251
(1078-107* M) augmented insulin secretion from BRIN-BDI11 and
1.1B4 cells at 5.6 mM (p <0.05-p <0.001) and 16.7 mM (p <0.05-
»<0.001) glucose, with no cytotoxic effects. The insulinotropic response
of Abn-CBD and AM251 was attenuated (p < 0.05) when assessed using
the GPR5S5 knockout BRIN-BD11 cell line. Upon agonist treatment, in-
sulin (p < 0.01) mRNA expression was upregulated in BRIN-BD11 cells,
with no significant change in GPR55 mRNA expression observed.
Confirmatory GPR55 protein expression was demonstrated by western
blotting and levels of insulin content by radioimmunoassay.
Immunohistochemistry demonstrated regions of co-localisation between
GPRSS and insulin in the pancreatic islet and incretin hormones in the
small intestine. Orally administered Abn-CBD and AM251 (0.1 umol/kg
BW) improved glucose excursion (p <0.001), increased plasma insulin
(p <0.001), gastric inhibitory polypeptide (p <0.05), glucagon-like pep-
tide 1 (p <0.05) and improved satiety (p <0.001) in HFF-induced dia-
betic mice. Abn-CBD and AM251 agonist combinational therapy
(Sitagliptin) diminished DPP-IV activity (p <0.001), whilst improving
glucose excursion (p <0.05) through enhanced insulin (p <0.05) and
incretin (p < 0.05) hormone secretion from islet and enteroendocrine cells
respectively.

Conclusion: Abn-CBD and AM251 activate GPR55 and potentiate in-
sulin secretion from BRIN-BD11 cells and HFF-induced diabetic mice.
In-vivo findings present GPR55 agonist monotherapy and combinational
therapy as a novel approach for the treatment of type-2-diabetes.
Supported by: DUK PhD studenship

Disclosure: A.G. McCloskey: Grants; Diabetes UK PhD studentship.
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Activation of PKD1 by autocrine ATP signalling in pancreatic beta
cells

S. Khan;

Pharmacology, University of Alberta, Edmonton, Canada.

Background and aims: (3-cells co-secrete the neurotransmitter ATP
along with insulin. ATP acts as a positive autocrine signal in 3 cells by
activating P2Y'1 receptors and resulting in activation of Phospholipase C
and production of DAG. However, the downstream signaling that
couples P2Y1 activation to insulin secretion remains to be fully elu-
cidated. Since DAG has been shown to activate Protein Kinase D1
(PKD1) to potentiate glucose stimulated insulin secretion, we hypothesize
that autocrine ATP signaling activates downstream PKD1 to regulate
insulin secretion.

Materials and methods: Western blotting was performed to study ago-
nist-induced, depolarization-induced and antagonist-inhibited activation
of PKD1 in response to KClin INS 832/13 insulinoma cells and in mouse
islets. Insulin secretion was measured from intact PKD1 knockout islets.
Capacitance measurements of exocytosis were employed in single mouse
{3 cells. Expression of PKD1 mRNA was analysed by RT-PCR in human
islets. Correlation between the insulinotropic capacity of PKD1 activation
and donor characteristics was examined in human islets.

Results: The P2Y1 receptor agonists, MRS2365 and ATP, induce PKD1
phosphorylation at S916 in mouse islets. Similarly, direct depolarization
with KCl causes activation of PKDI. A reduction in PKD1 activation was
observed upon application of P2Y 1 antagonist, MRS 2500. Insulin secre-
tion was measured from PKD1 KO mouse islets, where potentiation of
insulin secretion elicited by P2Y 1 activation was lost. Activation of P2Y1
increased the exocytotic response of mouse (3 cells in a PKD1-dependent
manner. Finally, RT-PCR analysis confirmed expression of PKD1 in hu-
man islets and the study of donor characteristics revealed a correlation
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between the activation of PKD1 and stimulation index - ability of the
islets to produce insulin when stimulated by high glucose.

Conclusion: A P2Y1 receptor-dependent activation of PKD1 by ATP
increases insulin secretion in mouse islets. In human islets, PKD1 may
be involved with potentiation of glucose induced insulin secretion.
Disclosure: S. Khan: None.
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cAMP-dependent and -independent actions of GLP-1 to potentiate
1°* and 2™ phase GSIS as revealed by Rp-8-Br-cAMPS-pAB - a dual
antagonist of PKA and Epac activation

0. Cabrera, J. Ficorilli', K.R. Jones?, O.G. Chepurny3 , C.A. Leech®, F.
Schwede?*, G.G. Holz;

"slet Biology and Diabetes Drug Hunting Team, Eli Lilly and Company,
Indianapolis, USA, 2Advanced Testing Lab, Blue Ash, USA, *Medicine,
SUNY Upstate Medical University, Syracuse, USA, “BIOLOG Life Sci.
Inst., Bremen, Germany.

Background and aims: The novel cAMP antagonist prodrug Rp-8-Br-
cAMPS-pAB (Rp-pAB) blocks PKA and Epac activation, and it was
reported to act in human and rat islets to abolish 1% -phase glucose-stim-
ulated insulin secretion (GSIS) while instead having a minimal inhibitory
action on 2™ -phase GSIS. The aim of the present study was to determine
if and how Rp-pAB also alters the ability of incretin hormone GLP-1 to
potentiate 1°' and 2" phase GSIS. Such an analysis was expected to
reveal cAMP -dependent and -independent actions of GLP-1 that might
be selective for 1 or 2™ phase GSIS.

Materials and methods: Perifusion studies of SD rat islets were per-
formed in which GSIS was initiated and terminated by step-wise changes
of the glucose concentration (G) from 2.8 to 16.7 mM to 2.8 mM. Rp-
pAB and GLP-1 were administered during the initial perifusion in 2.8G,
and then also during perifusion with 16.7G. Perifusate fractions were
assayed for insulin content, and insulin release was quantified relative
to whole-islet DNA content. Static incubation assays using mouse islets
were also performed to investigate if very low concentrations of GLP-1 (1
or 10 pM) potentiate GSIS at steady-state 5.6G or 11.1G.

Results: Rat islets exhibited biphasic insulin secretion when challenged
with 16.7G (see Figure). GLP-1 (5 nM) potentiated 1% and 2°¢ -phase
GSIS by 4.2-fold and 6.3-fold during assay intervals 60—65 and 65-95
min, respectively. For islets treated with Rp-pAB in the absence of GLP-
1, 1®-phase GSIS was nearly abolished, whereas 2"*-phase GSIS was not
altered. GLP-1 failed to potentiate 1%-phase GSIS from islets treated with
Rp-pAB, whereas it retained a smaller but significant 3.75-fold ability to
potentiate 2™%-phase GSIS. These actions of GLP-1 were significant (7 =
3; p <0.05 for 5 nM GLP-1) and dose-dependent at 100 pM—30 nM.
FRET assays using AKAR3 and H188 confirmed that Rp-pAB blocked
PKA and Epac activation by GLP-1. Very low concentrations of GLP-1
(1 or 10 pM) failed to potentiate GSIS from mouse islets at either 5.6G or
11.1G, whereas 10 nM GLP-1 was effective.

Conclusion: GLP-1 exerts a cAMP-dependent action to potentiate 1°-
phase GSIS from rat islets, an effect that is abrogated by Rp-pAB. Since
Rp-pAB reduces but fails to fully block the action of GLP-1 to potentiate
2"_phase GSIS, there exist cAMP- dependent and -independent actions
of GLP-1 to potentiate 2"-phase GSIS. We propose that GLP-1 enables
cAMP-dependent insulin exocytosis to occur during 2"*-phase GSIS,
while also enhancing cAMP-independent exocytosis that normally pre-
dominates during 2"*-phase GSIS in the absence of GLP-1. Potentially, a
cAMP-dependent mechanism of insulin exocytosis explains 1%-phase
GSIS, and it is recruited by GLP-1 so that it becomes operational during
2"_phase GSIS.
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GLP-1 analogues protect beta cells in models of Wolfram syndrome
P. Salpeal, S. Toivonen', C. Cosentino’, A. Musuayal, N. Pachera', P.
Marchetti?, C. Brown®, F. Urano®, D.L. Eizirik!, M. Cnop1‘4, M. Igoillo-
Estevel;

'"ULB Center for Diabetes Research, Université Libre de Bruxelles,
Brussels, Belgium, *Department of Endocrinology and Metabolism,
University of Pisa, Pisa, Italy, 3 Department of Medicine, Washington
University School of Medicine, Washington, USA, “Division of
Endocrinology, Erasmus Hospital, Université Libre de Bruxelles,
Brussels, Belgium.

Background and aims: Wolfram syndrome is a rare autosomal recessive
orphan disease. The clinical manifestations are young onset diabetes,
optic nerve atrophy and deafness. Most Wolfram patients carry mutations
in WFS1. WFSI1 deficiency results in endoplasmic reticulum (ER) stress,
leading to neurodegeneration and pancreatic (3-cell dysfunction and
death. Glucagon-like peptide-1 (GLP-1) analogs and the cAMP inducer
forskolin have been shown to protect (3-cells from ER stress. Our aim is to
test whether GLP-1 analogs confer protection in in vitro and in vivo
Wolfram syndrome models

Materials and methods: WFS1 was silenced in human EndoC-BHI1 3-
cells and human islets by RNA interference. Wolfram syndrome patients’
induced pluripotent stem cells (iPSCs) were differentiated into (3-like
cells. Synthetic ER stress was induced using tunicamycin (5 pg/ml). 3-
cell apoptosis was evaluated by Hoechst 33342/propidium iodide stain-
ing. Expression of ER stress markers was examined by qPCR. Whole
body wfsl knockout (KO) mice (homozygous exon 8 deletion on 129S
background) were treated for 12 weeks with exendin-4 (10 pg/kg/day) or
vehicle using miniosmotic pumps. Glucose tolerance was evaluated be-
fore, during and at the end of treatment by intraperitoneal glucose toler-
ance tests.

Results: WFS1 silencing (>70% knockdown, n = 6, p <0.001) sensitized
EndoC-f3H1 cells to tunicamycin-induced apoptosis (29 + 3% apoptosis
in WFS1-deficient cells vs 12+ 1% apoptosis in control cells, n =5, p <
0.01) and increased mRNA expression of the ER stress marker CHOP
(p <0.001). Exendin and forskolin protected WFS1-deficient
EndoC-H1 cells from ER stress (29 + 3% apoptosis with tunicamycin
alone vs 22+ 1% with tunicamycin + exendin or 10+0.3% with
tunicamycin + forskolin, n =5, p <0.01). iPSCs from 4 Wolfram syn-
drome patients were successfully differentiated in vitro into (3-like cells
using a 7-stage protocol. Forskolin protected Wolfram iPSC-3-like cells
from tunicamycin-induced apoptosis (n =4, p <0.001) and increased
expression of the ER chaperone BiP. wfs1 KO mice had impaired glucose
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tolerance compared to wild type littermates as early as 6 weeks of age
(n=17, p <0.01). 12 weeks of exendin administration improved glucose
tolerance of wfsl-deficient mice when compared to vehicle-treated KO
animals (n = 8-9 per group, p <0.05).

Conclusion: cAMP induction by exendin and forskolin protects WFS1-
deficient 3-cells from ER stress-induced apoptosis. /n vivo, exendin treat-
ment improves glucose tolerance of wfs1 KO mice. These findings pro-
vide further evidence for the protective properties of GLP-1 analogs in the
context of 3-cell ER stress, and suggest that GLP-1 analogs hold preven-
tive and therapeutic potential for Wolfram syndrome-related diabetes.
Supported by: Eye Hope Foundation

Disclosure: P. Salpea: Grants; Projet réalisé avec le soutien du Fons Eye
Hope, géré par la Fondation Roi Baudoin.
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Severe hypoglycaemia and cardiovascular or all-cause mortality in
the Korean population

S.-A. Cha', J.-S. Yun', K. Han?, S.-H. Ko', Y.-B. Ahn';

"Internal medicine, St. Vincent’s Hospital, College of Medicine, The
Catholic University of Korea, Suwon, zBiostatistics, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea.

Background and aims: Previous studies have associated hypoglycemia
with an increase in cardiovascular disease and mortality. We investigated
the association between the number of severe hypoglycemia (SH) and the
risk of cardiovascular disease (myocardial infarction, stroke, congestive
heart failure) and all-cause mortality in patients with type 2 diabetes using
the National Health Insurance Service database which covers the entire
Korean population.

Materials and methods: Baseline and follow-up data (n =1,583,149)
from the patients with T2DM for the period 2006-2016 were retrieved
from the National Health Insurance System database. Type 2 diabetes,
SH, and major comorbidities were identified using the International
Classification of Diseases 10 codes and medication information. We
counted the number of SH episodes according to ICD-10 codes during
the three years (2006-2009) prior to the index date within the year of
2009-2010. The primary outcome was a new development of 1) myocar-
dial infarction, 2) stroke, 3) congestive heart failure and 4) all-cause
mortality.

Results: 20,064 (1.2%) developed at least one SH event during the first
three years prior to the index date. The mean follow-up duration was 7.2
years. After adjustment for multiple confounding factors, including age,
sex, socioeconomic status, hypertension, dyslipidemia, use of insulin and
sulfonylurea, number of metabolic syndrome factors, the presence of
major comorbidities, the hazard ratio (HR) of cardiovascular diseases or
all-cause mortality significantly increased sequentially. [the group who
experienced zero SH episode vs. one SH episode, HR 1.96 95% CI (1.91—
2.02); vs. two SH episodes, HR 2.36 (2.22-2.50); vs. three SH episodes,
HR 3.14 (2.90-3.41); P for trends <0.001]. Similar findings were noted
the relationship for the number of SH episodes with myocardial infarc-
tion, stroke, and congestive heart failure. The sensitivity analysis which
analyzed the 804,503 subjects who had received national health exami-
nation did not change the significance of the main findings.
Conclusion: We demonstrated that, in the entire Korean population, the
number of SH episode is associated with an increased risk for all cardio-
vascular outcomes and all-cause mortality. The patients who experienced
recurrent SH episode may have a greater risk of cardiovascular events and
mortality.

Disclosure: S. Cha: None.
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Preserved glucose response to low-dose glucagon after exercise in
insulin pump-treated individuals with type 1 diabetes: a randomised
crossover study

LLK. Steineck'?, A. Ranjanl’z, S. Schmidt"?, T.R. Clausen®, J.J. Holst*,
K. Norgaard’;

"Department of Endocrinology, research unit (afs. 159), Hvidovre
University Hospital, University of Copenhagen, Hvidovre, Danish
Diabetes Academy, Odense University Hospital, Odense, >Obesity
Research, Novo Nordisk A/S, Malgv, 4Department of Biomedical
Sciences and NNF Center for Basic Metabolic Research, University of
Copenhagen, Copenhagen, *Steno Diabetes Center Copenhagen,
Gentofte, Denmark.

Background and aims: To compare the increase in plasma glucose after
a subcutaneous injection of 200 pg glucagon given after 45 minutes of
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cycling versus resting and to investigate the effects of glucagon when
injected before compared with after 45 minutes of cycling.

Materials and methods: Fourteen insulin pump-treated individuals with
type 1 diabetes completed three visits in a randomized, placebo-con-
trolled, single-blinded crossover study. Baseline (mean and range)
HbAlc 54 (43—65) mmol/mol or 7.1 (6.1-8.1) %, age 45 (23—66) years,
BMI 26 (21-30) kg/mz, diabetes duration 26 (8-51) years. On each visit,
participants consumed a standardized breakfast two hours prior to 45
minutes of cycling or resting. A subcutaneous injection of 200 pug gluca-
gon was either given after cycling, after resting or before cycling and
frequent blood sampling occurred until two hours after exercise.
Results: The glucose response to glucagon was higher after cycling com-
pared with after resting (mean + SD incremental peak: 2.6 £ 1.7 versus
1.8 £2.0 mmol/l, P =0.02). As expected, plasma glucose decreased dur-
ing cycling (3.1 +2.8 mmol/l) but less so when glucagon was given
before cycling (—0.9 £2.8 mmol/l, P =0.002). The number of subjects
reaching hypoglycemia (glucose values <3.9 mmol/l) was the same on the
three days.

Conclusion: Moderate cycling for 45 minutes did not impair the glucose
response to glucagon compared to the glucose response after resting. The
glucose fall during cycling was diminished by a pre-exercise injection of
200 pg glucagon. Thus a small glucagon dose can potentially be used to
treat exercise-induced mild hypoglycemia and diminish the glucose fall
during exercise.

Clinical Trial Registration Number: NCT02882737

Supported by: Danish Diabetes Academy, Zealand pharma

Disclosure: 1.1.LK. Steineck: Grants; Dansih Diabetes Academy spon-
sored by Novo Nordisk Foundation, Zealand Pharma. Lecture/other fees;
Speaker grants from Roche Diabetes Care., Speaker grants from Rubin
Medical.
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The impact of hypoglycaemic stress on the connectivity of the default
mode network in healthy controls

C.E.D. Osborne, O. O’Daly, M. Nwokolo, F.O. Zelaya, P. Choudhary;
King’s College London, London, UK.

Background and aims: As a physiological stressor, hypoglycaemia is
known to stimulate the brain’s physiological stress pathway. The brain
plays a key role in recognising this stress and generating protective symp-
tomatic and hormonal responses that serve to maintain normoglycaemia.
In patients with type 1 diabetes, allostatic mechanisms can cause these
responses to become blunted, increasing the risk of dangerous
hypoglycaemia. Areas of interest in recognizing this physiological stress
are the resting state networks (RSNs), which are networks of brain re-
gions that show similar spontaneous low frequency oscillations while at
rest. The default mode network (DMN) is a RSN, which demonstrates
reduced connectivity during task-based activity or changes to the system.
We investigated whether hypoglycaemic stress disrupts the connectivity
of the DMN.

Materials and methods: Fourteen healthy participants underwent a
hyperinsulinaemic, two-step glucose clamp procedure during which two
blood oxygen-level dependent (BOLD) RSN functional magnetic reso-
nance images (fMRI) were obtained. At euglycaemia [Smmol/L] and
hypoglycaemia [2.6 mmol/L] we collected symptom scores using a visual
analogue scale and counter-regulatory hormone responses through blood
sampling. Seed-to-voxel analysis using statistical parametric mapping
was performed using the CONN toolbox in SPM12. The posterior cingu-
late cortex (PCC) was defined a priori as a seed region for the default
mode network.

Results: We identified connectivity in the DMN in euglycaemia as well
as hypoglycemia. A DMN mask was designed on WFU Pickatlas and
applied to the data and formal statistical comparison was performed using
a Student’s paired t-test. Only results with a family wise error corrected
(FWE-corr) cluster size of p < 0.05, at a cluster forming threshold of p <
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0.001 were considered significant. A significant weakening of PCC to
right angular gyrus connectivity was identified during hypoglycaemia:
PEWE-corr = 0.03; z=4.47; cluster size (k) =43; Montreal Neurological
institute (MNI) coordinate [x, y, z] = [38, =58, 36]. The degree of connec-
tivity alteration was not related to the magnitude of change in serum
adrenaline or symptom score. Whole brain exploratory analysis revealed
no additional significant regional effects.

Conclusion: During hypoglycemia, we found a reduced functional con-
nectivity primarily in the right angular gyrus, an area involved in con-
verging and processing multisensory information in order to interpret and
respond to events. The impact of hypoglycaemia on other RSN is being
explored. Disruption of these RSNs may be key in the process of internal
recognition of hypoglycaemia and triggering of the stress response.

Transverse and sagittal montage Images (A=euglycaemia,
B=hypoglycaemia) of the brain areas functionally connected to the seed
region at Montreal Neurological Institute reference coordinate [0, 0, 10].
Identified areas with significant connectivity include: the medial prefrontal
cortex, precuneus and right and left inferior parietal lobes.

Supported by: Diabetes UK; NIHR/Wellcome Trust CRF
Disclosure: C.E.D. Osborne: Grants; Diabetes UK, NIHR/Wellcome
Trust CRF.
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Individualised nursing support reduces mortality in patients with
type 2 diabetes following severe hypoglycaemia requiring ambulance
attendance

K. Kulavarasalingam', B. Whittaml, S. Cassidyl, C.J amesz, P. Baxter’ s
S. Pearson"*, R.A. Ajjan1’4;

'St James’s University Hospital, Leeds, *Yorkshire Ambulance Service,
Wakefield, *Division of Biostatistics, Leeds Institute of Cardiovascular
and Metabolic Medicine (LICAMM), University of Leeds, Leeds,
“Division of Cardiovascular and Diabetes Research, LICAMM,
University of Leeds, Leeds, UK.

Background and aims: Mortality in patients with diabetes following
emergency services call out for severe hypoglycaemia is high and it is
unclear whether this can be modified using structured intervention. The
aim of this work was to assess the impact of nurse-led intervention on
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mortality of patients with diabetes following ambulance call out for
hypoglycaemia.
Materials and methods: Patients with diabetes requiring ambulance ser-
vices intervention for hypoglycaemia, in an area covering 5 million people,
were recruited into the study after informed consent. Patients were
randomised 1:1 to either receiving intensive nurse-led support (intervention
arm) or managed using existing pathways (control arm). A third group of
patients did not wish to participate in the study but agreed to have their data
collected and were managed as per the control arm. Those assigned to the
intensive arm received structured intervention that involved individualised
nurse follow up with regular contact in order to alter therapy and provide
support for a total period of 3 months. The primary outcome was all cause
mortality comparing two study arm during the follow up period.
Results: A total of 323 individuals were recruited into the study between
Feb-2013 and Dec-2017. Study withdrawal and lost contact occurred in
24 individuals (7.4%), while the remaining 299 patients were followed up
for a median of 915 (IQR: 463-1358) days. Of these patients, 137
(45.8%) had type 1 diabetes mellitus (T1DM) and 150 (50.2%) had type
2 diabetes mellitus (T2DM).In patients with T1DM, there was no differ-
ence in mortality in the intervention compared with the control arm
[10.4% vs 9.0%, respectively; p =0.79; HR 1.20 (0.39-3.68)]. In con-
trast, patients with T2DM showed a significant reduction in mortality in
the intervention compared with the control arm [27.8% vs 44.8%, respec-
tively; p = 0.04, HR 0.55 (0.31-0.99)]. Cox regression analysis suggested
that the relatively short period of intervention of 3 months continued to
have an effect on mortality for over 3 years (Figure 1).
Conclusion: Our data suggest that in patients with T2DM and severe
hypoglycaemic requiring ambulance call-out, close nurse-led
individualised intervention reduces mortality compared with standard
care. Large scale multicentre studies are warranted to investigate the role
of structured nurse intervention on reducing mortality in T2DM patients
with a history of severe hypoglycaemia. Figure 1
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Supported by: LifeScan, part of Johnson & Johnson
Disclosure: K. Kulavarasalingam: None.
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Reduction in severe hypoglycaemia in paediatric type 1 diabetes dur-
ing the first year of continuous glucose monitoring: real-world data
from the DPV registry

J. Hermann', R. Holl', B. Rami-Merhar?, C. Freiberg3, M. Papsch4, A.
Thon®, B. Heidtmann®, K. Placzeck’, D. Agenas, T. Kapelleng, B.
Schenk'?, J. Wolf! 1, T. Danne'?, DPV initiative;

'nstitute for Epidemiology, Ulm, Germany, “University of Vienna,
Vienna, Austria, 3University of Goettingen, Goettingen, Germany,
“Childrens Hospital, Gelsenkirchen, Germany, SMHH, Hannover,
Germany, ®Catholic Children Hospital, Hamburg, Germany, "University
Childrens Hospital, Halle, Germany, 8Pediatric Practice, Hildesheim,
Germany, °University Children Hospital, Leipzig, Germany, '°Pediatric
Clinic, Schwerin, Germany, "Childrens Hospital, Paderborn, Germany,
2Childrens Hospital, Hannover, Germany.

Background and aims: Controlled studies indicated improved meta-
bolic control in type-1 patients on continuous glucose monitoring.
Patients in clinical studies are often biased towards patients with
higher education level, higher adherence and better self-management.
We therefore used real-world data from the German-Austrian-
Luxemburg diabetes patient follow-up (DPV) registry, which in-
cludes >80% of pediatric patients in the participating countries, to
longitudinally follow metabolic control (HbAlc) and acute compli-
cations (severe hypoglycemia, diabetic ketoacidosis (DKA)) in pedi-
atric subjects during the first year after the initiation of continuous
glucose monitoring (CGM or FGM).

Materials and methods: Anonymized patient records from the DPV
registry were analyzed, using SQL for data integration and SAS 9.4 for
statistical analysis. Patients with type-1 diabetes (T1-DM), less than 18
years of age, more than 1 year of diabetes duration and both baseline (6
months prior to CGM start) and at least 1 year of follow-up after initiation
of continuous glucose monitoring were selected. Documented sensor use
for at least 50% of the observation time was required. Severe hypoglyce-
mia was defined by events requiring external help, or leading to coma or
convulsion. DKA was defined by a pH <7.3. Non-parametric paired sta-
tistics (McNemar) and Poisson-regression models for repeated measure-
ments were used.

Results: 3171 pediatric patients (median age 11.8 [Q1-Q3: 8.8-14.4]
years, median DM-duration 3.9 [2.2-6.5] years, 51.7% males) fulfilled
the inclusion criteria. 60.9% of subjects were treated with insulin pumps,
19.1% reported migration background. Metabolic control (median base-
line HbAlc: 7.46% [6.86-8.11]/58.0 [51.4—-65.1] mmol/mol) did not
change within 6 or 12 months after initiation of CGM use. Rate of severe
hypoglycemia was 10.7 events per 100 patient-years during the 6 months
prior to CGM use, and decreased to 7.6 events during the first 6 months
and to 5.9 events 6-12 months after CGM onset (p <0.002). 3.9% of
patients experienced a severe hypo event during the baseline period,
compared to 2.1% of patients during sensor use (p <0.003). Rate of
DKA did not change significantly (baseline: 1.6 events/100 pat.-years,
6-12 months follow-up: 1.2 events per 100 pat.-years).

Conclusion: In this on average well-controlled pediatric group of type-1
patients, initiation and continuous use (>50% of days) of CGM was
associated with rapid and persistent reduction of reported severe hypo-
glycemic events. Reduction of severe hypoglycemia was not accompa-
nied by deterioration of metabolic control. Longer follow-up and addi-
tional end-points (e.g. hospitalization) together with subgroup-analysis on
baseline metabolic control, diabetes treatment and type of glucose mon-
itoring will allow additional insights into outcome of CGM.

Supported by: German Diabetes Society (DDG), German Center for
Diabetes Research (DZD), A

Disclosure: J. Hermann: None.
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Nasal glucagon: a viable alternative to treat insulin-induced
hypoglycaemia in adults with type 1 diabetes

J. Suico', U. Hovelmann?, S. Zhangl, T. Shen', B. Bergmanl, J. Sherr’,
E. Zijlstraz, B. Frier*, L. Plum-Moerschel’;

'Eli Lilly & Company, Indianapolis, USA, *Profil Profil Institut fiir
Stoftwechselforschung GmbH, Neuss, Germany, 3Yale University, New
Haven, USA, 4University of Edinburgh, Edinburgh, UK, SProfil Profil
Institut fiir Stoffwechselforschung GmbH, Mainz, Germany.
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Background and aims: Any insulin-treated individual with diabetes is at
risk of severe hypoglycaemia (SH). Glucagon is available as a rescue
medication in these instances. Currently available commercial glucagon
products require reconstitution and injection, which are cumbersome dur-
ing an emergency situation. Nasal glucagon (NG) is a nasally adminis-
tered, drug-device combination product that consists of a dry powder
spray formulation with 3-mg synthetic glucagon contained within a
single-use device. This study in adults with type 1 diabetes (T1D) aimed
to demonstrate non-inferiority between intramuscular glucagon (IMG)
and NG as treatment for insulin-induced hypoglycaemia.

Materials and methods: This randomised, two-period, crossover trial
was conducted at two clinical sites and used a NG drug product
manufactured at commercial scale. The comparator was glucagon
[rDNA origin] injection. Hypoglycaemia (plasma glucose [PG]
<3.3 mmol/L) was induced by an intravenous insulin infusion. Five mi-
nutes after stopping insulin, either 3-mg NG or 1-mg IMG was adminis-
tered followed by multiple PG measurements up to 90 min. Treatment
success was defined as an increase in PG to >3.9 mmol/L or an increase of
>1.1 mmol/L from the PG nadir within 30 min of receiving glucagon.
Non-inferiority of NG was declared if the upper limit of the two-sided
95% CI of the difference in percentage of patients achieving treatment
success (IMG-NG) was <10%. Besides spontaneously reported adverse
events (AEs), a Nasal and Non-Nasal Symptom Questionnaire (NNSQ)
assessed local tolerability of NG.

Results: Of the 66 participants included in the primary efficacy analysis
who received both NG and IMG, 100% achieved treatment success. The
study demonstrated non-inferiority of NG to IMG. All participants
achieved treatment success by 25 min with the mean time to treatment
success of 11.4 min (NG) and 9.8 min (IMG). As shown in Figure 1,
similar glucose responses were observed with NG and IMG within 40
min post glucagon administration. No deaths or other serious AEs oc-
curred. Forty-eight AEs occurred after NG and 51 after IMG. Most AEs
were mild and transient, and the frequency was similar between IMG and
NG. Treatment-emergent AEs with an incidence >5% were nausea (31%
NG; 42% IMG), vomiting (14% NG; 17% IMG), and headache (16%
NG; 10% IMG). After NG, very common (>10%) symptoms from the
NNSQ included watery eyes, nasal itching, nasal congestion, runny nose,
sneezing, redness of eyes, itchy eyes, and itching of throat.

Conclusion: Nasal glucagon was as efficacious and safe as intramuscular
glucagon for the treatment of insulin-induced hypoglycaemia in adults,
thus supporting the use of nasal glucagon as a rescue treatment for severe
hypoglycaemia.
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Figure 1. Arithmetic mean (D) profile of plasma glucose concentration after a single dose of 3 mg NG or 1 mg IMG

Clinical Trial Registration Number: NCT03339453
Disclosure: J. Suico: Stock/Shareholding; Eli Lilly Shareholder.
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Effects of increased fiber and reduced red meat intake, combined
with caloric restriction, on cardiometabolic risk: a randomised and
controlled dietary intervention study

C. Willmann'?, M. Heni'?, K. Linder'?, R. Wagnerl'z, N. Stefan'?, J.
Machann®3, H.-U. Héiringl’z, A. Fritsche';

'Department of Internal Medicine IV, University Hospital of Tiibingen,
Tiibingen, ’Institute for Diabetes Research and Metabolic Diseases
(IDM) of the Helmholtz Center Munich at the University of Tiibingen,
Tiibingen, *Section on Experimental Radiology, Department of
Diagnostic and Interventional Radiology, University Hospital Tiibingen,
Tiibingen, Germany.

Background and aims: Epidemiological studies suggest that increased
intake of red meat associates with a higher, while increased intake of
fibers associates with a lower risk of type 2 diabetes. We, thus, conducted
a randomized intervention study to investigate the effects of these nutri-
tional factors on glucose and lipid metabolism, body fat distribution and
liver fat content, in subjects at increased risk of type 2 diabetes.
Materials and methods: This prospective, randomized and controlled
dietary intervention study was performed over six months. In the control
group (N =40) the participants decreased their daily caloric intake by 400
Kecal. In addition to this caloric restriction, the “no red meat” group (N =
48) lowered the intake of red meat and the “fiber” group (N =44) in-
creased intake of fibers to 40 gr/d. Before and after the intervention,
anthropometric parameters and a frequently-sampled oral glucose toler-
ance test were performed. Body fat mass and distribution and liver fat
content were assessed by magnetic resonance imaging and 'H-MR
spectroscopy.

Results: Glucose tolerance and insulin sensitivity improved during the
intervention in all groups (all p < 0.03). Body fat mass, as well as visceral
fat mass decreased in all groups (all p <0.03). Multivariate analysis re-
vealed that these changes did not differ between the groups. Liver fat
content decreased significantly in the “no red meat” and “fiber” groups,
but not in the control group.

Conclusion: Our data suggest that reduced intake of red meat or in-
creased intake of fibers may have favourable effects on liver fat content.
However, in combination with caloric restriction, there seems to be no
additional beneficial impact on the improvement of other cardiometabolic
risk parameters.

Clinical Trial Registration Number: NCT 03231839

Supported by: BMBE, DZD

Disclosure: C. Willmann: None.
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Eldecalcitol, a vitamin D analogue, for diabetes prevention in im-
paired glucose tolerance: DPVD study

T. Kawahara', G. Suzuki?, T. Inazu®, S. Mizuno®, F. Kasagi4, Y. Okada,
Y. Tanaka', DPVD clinical study group;

"University of Occupational and Environmental Health, Kitakyushu,
’International University of Health and Welfare Clinic, Ohtawara,
Japan, 3Ritsumeikan University, Kusatsu, 4Radiation Effects
Association, Tokyo, Japan.

Background and aims: In observational studies, it was clear that vitamin
D deficiency is associated with insulin resistance and risk of future dia-
betes. However, the efficacy of vitamin D supplementation in randomized
controlled trials for improving glucose tolerance or prevention of type 2
diabetes is still controversial.

Materials and methods: We conducted the Diabetes Prevention on
Vitamin D (DPVD) study which was a large, randomized, double-blind,
placebo-controlled study to examine whether eldecalcitol, an active form
of vitamin D analog, can reduce the risk of type 2 diabetes in patients with
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impaired glucose tolerance. Participants were randomly assigned to re-
ceive eldecalcitol or placebo. The primary endpoint was the incidence of
type 2 diabetes and the secondary endpoint was the conversion to
normoglycemia. The study duration was 3 years.

Results: The mean follow up was 2.6 years. A total of 1256 participants
were enrolled in the study. Fifty-seven of 630 (9.0%) participants in the
eldecalcitol group and 64 of 626 (10.2%) in the placebo group developed
type 2 diabetes (hazard ratio, 0.87; 95% confidence interval, 0.68 to 1.09;
p =0.37). In the subgroup participants with vitamin D deficiency (serum
25-hydroxyvitamin D <20 ng/ml), the difference of the incidence of type
2 diabetes between the two groups was greater; however, there was no
statistical significance. Two hundred ninety-five of 630 (46.8%) partici-
pants in the eldecalcitol group and 267 of 626 (42.7%) in the placebo
group achieved normoglycemia (hazard ratio, 1.10; 95% confidence in-
terval, 0.93 to 1.31; p =0.45). At the end of the study, the mean fasting
plasma glucose level was significantly lower in the eldecalcitol group
(110.5 mg/dl) than the placebo group (112.8 mg/dl, p =0.046), though
plasma glucose levels 2 hours after an oral glucose load were not signif-
icantly lower in the eldecalcitol group (165.0 mg/dl vs. 163.1 mg/dl, p =
0.071). No serious adverse events related to the intervention were
recorded.

Conclusion: Our study showed that treatment with eldecalcitol was not
associated with a reduction in the incidence of type 2 diabetes or an
increase in the conversion to normal glucose tolerance among patients
with impaired glucose tolerance.

Clinical Trial Registration Number: UMIN000010758

Supported by: DPVD clinical study programme

Disclosure: T. Kawahara: None.

153

Sweetened beverage consumption is associated with autoimmune di-
abetes in adults only among low risk HLA genotype carriers

J.E. L6fvenb0rg1, E. Ahlqvistz, L. Alfredsson', T. Andersson'>, M.
Dorkhan?, L. Gr00p2’4, A. Rosengrenz, T. Tuomi>®, A. Wolk'!, S.
Carlsson';

Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden, 2Departrnent of Clinical Sciences, Lund University, Malmg,
Sweden, *Center for Occupational and Environmental Medicine,
Stockholm County Council, Stockholm, Sweden, “*Finnish Institute of
Molecular Medicine, Helsinki University, Helsinki, Finland, SDiv. of
Endocrinology, Abdominal Centre, Helsinki University Hospital,
Helsinki, Finland, Folkhilsan Research Center, Helsinki, Finland.

Background and aims: Sweetened beverage consumption is associated
with increased risk of type 2 diabetes (T2D) as well as autoimmune
diabetes. Findings for type 1 diabetes in children suggest that HLA ge-
notype may modify the association. We aimed to investigate whether the
association between sweetened beverage intake and latent autoimmune
diabetes in adults (LADA) and T2D is modified by HLA DR-DQ
genotype.

Materials and methods: Swedish case-control data including incident
cases of LADA (n =384) and T2D (n = 1240) with matched population-
based controls (n = 879) was used. Cases were classified based on onset
age (=35 years), GAD autoantibodies (GADA) and C-peptide.
Information on diet and potential confounding factors was obtained
through an extensive health and lifestyle questionnaire. HLA genotyping
was based on SNP data and grouped as high/low risk. Logistic regression
models adjusted for age, sex, education, physical activity, smoking, and
alcohol intake were used to estimate OR of diabetes (95% CI) per 1 daily
200 mL serving. Dietary factors had little impact on the estimates and are
thus not included. BMI was considered as a mediator separately. The
association with GADA, insulin resistance (HOMA-IR) and beta cell
function (HOMA-B) was explored through linear regression.

Results: Consumption of sweetened beverages was associated with in-
creased risk of LADA and T2D; each daily 200 mL serving conferred

15% increased risk of LADA (OR 1.15, 95% CI 1.01-1.30) and 20%
increased risk of T2D (OR 1.20, 95% CI 1.08-1.33). The increased risk
may partly be mediated through BMI (Table 1). In HLA-stratified analy-
sis, the association between sweetened beverages and LADA was present
also after adjustment for BMI but only for those having low risk HLA
genotypes (OR 1.25, 95% CI 1.00-1.56). Similar tendencies were seen
for T2D. Sweetened beverage intake was positively associated with
HOMA-IR in individuals with low risk HLA genotypes but not in those
with high risk HLA variants. These associations were similar in LADA
and T2D. Sweetened beverage intake was not associated with HOMA-B
or GADA (Table 1).

Conclusion: Our findings suggest that the increased risk of LADA and
T2D conferred by consumption of sweetened beverages only pertains to
individuals with low risk HLA genotypes, mainly through mechanisms
related to overweight and insulin resistance. This concurs with contem-
porary literature indicating that environmental factors are more important
in the development of autoimmune diabetes in low risk HLA genotypes.

Table 1. OR and 95% Cl of LADA and type 2 diabetes, and change in GADA, HOMA-IR, and HOMA-B per one daily 200 mL serving of sweetened beverages.

LADA Type 2 diabetes
Per 1 daily serving of
sweetened beverages
Overall High risk HLA® Low risk HLA® Overall Highrisk HLA®  Low risk HLA®
Cases/controls 384/879 235/278 149/601 1240/879 389/278 851/601
ORE(95%CI)  1.15(1.01-130)  1.04(0.87-1.25)  132(1.061.64)  1.20(1.08-1.33) 108(0.92127) 1.27(1.11-1.45)
OR*(95%Cl)  1.11(0.97-126)  101(084-121)  1.25(1.00-156)  106(0.951.18) 0.92(0.76-1.11)  1.13(0.97-1.31)
% change in GADA®  6.4% (p=0.4888)  11.4% (p=0.3606)  -2.4% (p=0.8609) -
% change in GADA®  9.6% (=02906)  12.8% (p=0.2898)  5.3% (p=0.7092)
% change in HOMA-IR®  5.2% (p=0.0900)  0.8% (p=0.8165)  17.5% (p=0.0047)  3.5% (p=0.0008) 3.8% (p=0.1260)  3.5% (p=0.0018)
% change in HOMA-IR®  4.4% (p=0.1421)  0.5% (p=0.8958)  13.0% (p=0.0293) ~ 3.3% (p=0.0015) 2.1% (p=0.3881)  3.7% (p=0.0012)
%change in HOMA-B°  1.5% (p=0.6900)  1.3%(p=0.7601)  2.6% (p=0.7562)  -15% (p=0.1776) -1.0% (p=0.6930) -1.7% (p=0.1860)

% change in HOMA-B®  -0.6% (p=0.8679)  -0.1% (p=0.9819)  -5.0%(p=0.5108)  -1.7% (p=0.1362) -2.6%(p=0.3025) -1.5% (p=0.2162)

* High risk HLA: DR4/4, DR3/4, DR3/3, DR4-DQS. ® Low risk HLA: DR4/x, DR3/x, DRx/x, DR4-DQ7), where x=neither DR4 nor DR3.
“Model 1 adjusted for age, sex, education, physical activity, smoking, alcohol intake. * Model 2 adjusted for same as model 1+ BMI.

Supported by: VR, Forte, Swedish Diabetes Association, NovoNordisk,
SNF
Disclosure: J.E. Lofvenborg: None.
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Plant versus animal based diets and insulin resistance, prediabetes
and type 2 diabetes: the Rotterdam Study

T. Voortman, M. Zuurmond, O. Franco, Z. Chen;

Erasmus University Medical Center, Rotterdam, Netherlands.

Background and aims: Vegan or vegetarian diets have been suggested to
reduce type 2 diabetes (T2D) risk. However, not much is known on
whether variation in the degree of having a plant-based versus animal-
based diet may be beneficial for prevention of T2D. Therefore, we aimed
to investigate whether level of adherence to a diet high in plant-based
foods and low in animal-based foods was associated with insulin resis-
tance, prediabetes, and T2D.

Materials and methods: Our analysis included 6798 participants (62.7

+7.8 years) from the Rotterdam Study (RS), a prospective population-
based cohort in the Netherlands. Dietary intake data were collected with
food-frequency questionnaires at baseline of three sub-cohorts of RS (RS-
I-1: 1989-93, RS-1I-1: 2000-01, RS-III-1: 2006-08). We constructed a
continuous plant-based dietary index (range 0-92) assessing adherence to
a plant-based versus animal-based diet. Higher score on the plant-based
dietary index reflected more plant-based foods intake and less animal-
based foods intake. Insulin resistance at baseline and follow-up was
assessed using homeostasis model assessment of insulin resistance
(HOMA-IR). Prediabetes and T2D were collected from general practi-
tioners’ records, pharmacies’ databases, and follow-up examinations in
our research center until 2012. We used linear mixed models to examine
associations of score on the plant-based dietary index with longitudinal
HOMA-IR, and used cox proportional-hazards regression models to ex-
amine associations of score on the plant-based dietary index with risk of
prediabetes and T2D.

Results: During median 5.7 years, and 7.3 years of follow-up, we docu-
mented 928 prediabetes cases and 642 T2D cases. After adjusting for

@ Springer



S80

Diabetologia (2018) 61 (Suppl 1):51-S620

sociodemographic and lifestyle factors, a higher score on the overall
plant-based dietary index was associated with lower insulin resistance
(per 10 points higher score on the index per day: 3 =-0.09; 95% CIL
—0.10; —0.08), lower prediabetes risk (HR =0.89; 95% CI: 0.81; 0.98),
and lower T2D risk (HR =0.82; 95% CI: 0.73; 0.92)). After additional
adjustment for BMI, associations attenuated and remained statistically
significant for longitudinal insulin resistance (—0.05 (—=0.06; —0.04)) and
T2D risk (0.87 (0.79; 0.98)), but no longer for prediabetes risk.
Conclusion: A more plant-based and less animal-based diet may lower
risk of insulin resistance, prediabetes and T2D. These findings strengthen
recent dietary recommendations to adopt a more plant-based diet.
Clinical Trial Registration Number: NTR6831

Disclosure: T. Voortman: None.
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Beneficial effects of three months exercise on plasma adipokines
levels and inflammation-related gene expression in subcutaneous ad-
ipose tissue in men with prediabetes

H.L. Gulseth'?, S. Lee'?, T.M. Langleite®, F. Norheim?, K.I.
Birkeland'?, C.A. Drevon?;

'0slo University Hospital, Oslo, 2University of Oslo, Oslo, Norway.

Background and aims: Obesity and insulin resistance promote several
changes in adipose tissue including production and secretion of
adipokines. Physical exercise improves insulin sensitivity perhaps
through effects on adipokines. Our aim was to examine the effect of
long-term exercise on large-scale adipose tissue gene expression and
plasma adipokines concentrations, and their relationships with insulin
sensitivity in men with or without prediabetes (PD).

Materials and methods: In the MyoGlu clinical study of 26 sedentary
men (13 prediabetes (PD) and 13 controls) aged 4065 years, a 12-weeks
intensive combined strength and endurance exercise intervention in-
creased insulin sensitivity by 30%. Before and after 12 w of intervention
insulin sensitivity was measured by hyperinsulinemic-euglycemic-clamp,
transcriptomics by global RNA-sequencing and RT-PCR of adipose tis-
sue and skeletal muscle biopsies, and plasma adipokines by ELISA. .
Results: Intersected results from three approaches to RNA-sequencing
analysis of adipose tissue revealed 90 genes in PD and seven genes in
controls responding to 12 w exercise. mRNA-sequencing and RT-PCR
results were highly coherent. Evidence for encoding secreted proteins
existed for 62/90 and 5/7 genes in PD and controls respectively. The 90
genes that responded for exercise in PD were mostly related to the im-
mune system and inflammatory processes. They displayed elevated ex-
pression levels in PD at baseline, but were partly normalized after 12 w
exercise, as compared to controls. Baseline expressions of these genes
were negatively correlated with insulin sensitivity both at baseline (r=
—0.49, p =0.016) and with changes in response to 12 w exercise (7=
—0.46, p =0.025) across all men. Adipose tissue, but not skeletal muscle
expression levels of LEP, ADIPOQ, IL6, SFRP4 and OPG (but not
THBS4) correlated with corresponding plasma protein concentrations.
Plasma SFRP4 and OPG concentrations were elevated in PD vs. controls
at baseline, and were lowered after 12 w exercise in PD, attenuating the
group difference.

Conclusion: We discovered dysregulated inflammation-related genes in
PD, which were negatively associated with insulin sensitivity, and partly
normalized after 12 w of physical exercise as compared to controls. These
gene expression patterns were reflected in plasma adipokines concentra-
tions, and may provide important links to glucose metabolism.

Clinical Trial Registration Number: NCT01803568

Disclosure: H.L. Gulseth: None.
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Gut microbiome, insulin resistance, and type 2 diabetes: a large
population-based study

@ Springer

Z. Chen', D. Radjabzadehz, O. Franco!, M. Ikram', A. Uitterlinden?, R.
Kraaijz, T. Voortman';

"Department of Epidemiology, Erasmus Medical Center, Rotterdam,
2Depzmment of Internal Medicine, Erasmus Medical Center, Rotterdam,
Netherlands.

Background and aims: Few data on gut microbiome linked to develop-
ment of type 2 diabetes (T2D) are available. Therefore, we aimed to
examine associations of gut microbiome with insulin resistance and
T2D in a large Dutch middle-aged and elderly population.

Materials and methods: Our current cross-sectional study was embed-
ded within the Rotterdam study (RS), a population-based cohort study
including people aged >45 years living in the Ommoord District of
Rotterdam. The study has been approved by the Medical Ethics
Committee of Erasmus University Medical Center and all participants
gave written informed consent. We included 1146 participants (median
age: 57 years, 25%—75% range: 51-61 years) from the second examina-
tion cycle of the third sub-cohort of the Rotterdam study (RS-I11-2: 2012—
2014). For the 1146 participants, we collected stool in 2012-13. We
detected gut microbiome via stool using sequencing of the 16S rRNA
gene. Fasting blood was drawn in 201213 to measure glucose and insu-
lin, we calculated the homeostatic model assessment of glucose (HOMA-
IR) for insulin resistance. We identified T2D cases using information
from general practitioners, pharmacies’ databases, and follow-up exami-
nations in our research center until 2012. Alpha diversity and beta diver-
sity of gut microbiome were quantified by Shannon index and Bray-
Curtis distance, respectively. We used linear regression models to exam-
ine association between Shannon index and insulin resistance, and used
logistical regression models to examine association between Shannon
index with T2D. Adonis permutation P value calculation was used to
examine whether Bray-Curtis distance differed by insulin resistance and
T2D. We used Multivariate Association with Linear Models (MaAsLin)
to examine gut microbial communities in relation to insulin resistance and
T2D at multiple taxonomical levels from phylum to genus. We confined
the analyses to 11 phyla, 19 classes, 25 orders, 44 families, and 184
genera.

Results: Of 1146 participants, 90 participants had T2D. Of 1056 partic-
ipants without T2D, 1022 participants had data on insulin resistance (me-
dian: 2.1, 25%—75% range: 1.6-2.7). After multivariate adjustment for
technical covariates (run batch, time-in -email of stool), age, sex, total
energy intake, diet quality score, education, smoking, physical activity,
and BMI, higher Shannon index was associated with lower HOMA-IR
(B=-0.13 (95%CI: —0.28, —0.09)), and lower odds of T2D (OR =-0.44
(=0.85, —=0.03)). Bray-Curtis distance of beta-diversity was also linked to
insulin resistance (genus level, R?=0.005, p =0.001), and T2D (genus
level, R? =0.003, p =0.001). In MaAsLin analyses, higher relative abun-
dance of two genera: Acetitomaculum (6=-0.001, p =3*10"°, g =
0.004) and RuminococcaceaeUCGO10 (8=-0.006, p =2%107%, ¢ =
0.02) were associated lower HOMA-IR, and participants with T2D had
lower relative abundance of two genera: Clostridiumsensustrictol (3=
-0.04, p =4%1077, ¢=0.0001) and RuminococcaceaeUCGO0I10 (3=
—0.03, p=6%10"7, ¢=0.0001).

Conclusion: Our findings indicate that increased diversity of gut
microbiome may be beneficial for prevention of T2D. Especially, genera:
Acetitomaculum, RuminococcaceaeUCGO010, and Clostridiumsensustrictol
may play an important role in the development of T2D.

Clinical Trial Registration Number: NTR6831

Disclosure: Z. Chen: None.
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Insulin regulates the hypothalamic mitochondrial chaperone com-
plex Hsp60/10 and impacts the mitochondrial stress response

K. Wardelmann'~, S. Bliimel', M. Rath', K. Warnke'?, E. Alfine'~,
B.-F. Belgardt3'2, A. Kleinridders'?;

!German Institute of Human Nutrition (DifE), Potsdam-Rehbriicke,
2German Center for Diabetes Research (DZD), Neuherberge, Germany,
3German Diabetes Center (DDZ), Diisseldorf, Germany.

Background and aims: Type 2 diabetic (T2D) mice exhibit brain insulin
resistance, mitochondrial dysfunction and a decrease in the heat shock
protein (Hsp)60. Hsp60 with its co-chaperone Hsp10 are crucial for mi-
tochondrial matrix protein folding and represent the key protein-complex
of the mitochondrial unfolded protein response (UPRmt) which is in-
duced by the accumulation of misfolded/unfolded proteins. UPRmt is
crucial for neuronal health and brain function and knockdown (KD) of
UPRmt genes causes metabolic alterations and neurodegeneration. Thus
understanding the metabolic regulation of these chaperones and identify-
ing positive regulators for this pathway is vital to ensure proper brain
function. Here, we investigate the effect of insulin action on UPRmt
regulation and mitochondrial function in vitro using hypothalamic neu-
rons and in vivo by characterizing the regulation of UPRmt in insulin-
resistant brains.

Materials and methods: To this end, we analyzed the expression of key
regulators of the UPRmt in insulin deficient and resistant brains using db/
db mice, streptozotocin-induced diabetic mice along with C57BL/6N
mice on a high fat diet. To address the effect of insulin or insulin resis-
tance on gene and protein expression, we either treated the hypothalamic
cell line CLU183 with 100 nM of insulin or mimic insulin-resistance by
pretreating cells with 250 uM palmitate. Following we analyzed mito-
chondrial chaperones expression levels and mitochondrial respiration
using the Seahorse XF Analyzer. To further emphasize the direct effect
of insulin, we investigated insulin-induced regulation of key proteins of
the UPRmt using qPCR and western blot technique.

Results: We observed that T2D mice suffer from brain insulin resis-
tance together with mitochondrial dysfunction which are linked to
reduced levels of Hsp60 and 10. Interestingly, mouse models defi-
cient for insulin signaling or exhibiting reduced insulin sensitivity
showed a reduction in brain specific Hsp60 and Hspl0 expression
by ~50% along with a decrease of their transcription factor CHOP, a
key mediator of UPRmt and ER stress. Fitting to these data, we could
also demonstrate that the gene expression of Hsp60 and Hspl0 in
serum-starved hypothalamic cells over the course of 24 hours is de-
creased by 15-30%. Palmitate-induced insulin resistance also causes
decreased Hsp60 protein expression with a concomitant reduction in
basal mitochondrial respiration. Conversely, both chaperones are up-
regulated by 25-60% after 16h of 100 nM insulin stimulation in
hypothalamic neurons on mRNA and protein expression level, as
well as a four-fold increased gene expression of CHOP, demonstrat-
ing that hypothalamic UPRmt is controlled by insulin action.
Conclusion: In conclusion, we were able to demonstrate for the first time
that the hypothalamic UPRmt genes Hsp60 and Hsp10 are insulin regu-
lated genes. Along with it, our results show clearly the importance of
functional insulin signaling for the regulation of UPRmt and with this,
the ill-fate of mitochondrial function in an insulin-resistant brain.
Supported by: DFG

Disclosure: K. Wardelmann: None.
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BMP9 in the hypothalamus regulates hepatic glucose production and
hepatic insulin sensitivity through the central PI3K/Akt/mTOR
pathway

Q. Li', L. Li', G. Yangz;

'Key Laboratory of Diagnostic Medicine (Ministry of Education) and
Department of Clinical Biochemistry, Chongqing Medical University,
Chongging, *Department of Endocrinology, the Second Affiliated
Hospital, Chongqing Medical University, Chongqing, China.

Background and aims: Recent studies have shown that bone morpho-
genetic protein 9 (BMP9) whoes ligands are found to exist in hypothal-
amus is associated with glucose metabolism and insulin resistance (IR).
However, the precise mechanism for how the central BMP9 signaling
regulate hepatic glucose production (HGP) and IR remains unclear. The
present study was designed to investigate the effects of BMP9 activity in
hypothalamus on glucose metabolism and insulin sensitivity and explored
the possible mechanism.

Materials and methods: We first performed intracerebroventricular
(ICV) injections of adenovirus expressing BMP9 (Ad-BMP9) or adeno-
virus encoding enhanced green fluorescence protein (Ad-GFP) and eval-
uated activation of potential signaling candidates. Moreover we examined
the expression of hypothalamic BMP9 in db/db, normal chow diet (NCD)
feeding or high fat diet(HFD)-fed WT, Adipoq-/- mice and ICV Ad-
BMP9 mice. Subsequently, energy expenditure was measured in mice
treated with ICV Ad-BMP9 or Ad-GFP. We then examined the effects
of overexpression of hypothalamic BMP9 and the hyperinsulinemic-
euglycemic clamp (HEC) in NCD- or HFD-fed mice. Furthermore the
mRNA and protein levels of PEPCK and G-6-Pase were examined to
investigate the effects of ICV Ad-BMP9 on improving hepatic IR. We
further examined the effects of ICV Ad-BMP9 on insulin’s ability to
promote the immunostaining of phosphatidylinositol 3, 4, 5-
trisphosphate (PIP3) formation in the hypothalamic neurons.

Results: We found that BMP9 expression in the hypothalamus was
downregulated in obese or IR mice. The overexpression of BMP9 in
the hypothalamus decreased body weight, food intake and blood glucose,
and elevated energy expenditure in HFD feeding mice. Importantly, cen-
tral BMP9 ameliorated hepatic IR and suppressed HGP in HFD-fed mice.
Central BMP9 induced hepatic insulin action and the related metabolic
effects were abolished by ICV rapamycin, an inhibitor of the mTOR
signaling. Furthermore, central BMP9 increased insulin’s ability to pro-
mote insulin receptor (InsR) and Akt phosphorylation and to lead phos-
phatidylinositol 3, 4, 5-trisphosphate formation in hypothalamic neurons.
Thereby, the current study provided the first evidence suggesting that
activating BMP9 in hypothalamus ameliorates central IR by promoting
insulin’s ability to activate the mTOR/PI3K/Akt pathways and revealed
that the central nervous system (CNS) may be an important target for the
metabolic action of BMP9.

Conclusion: These findings reveal a novel role of BMP9 in CNS for the
regulation of glucose metabolism and hepatic insulin sensitivity through
the central PI3K/Akt/mTOR pathway in vivo.
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Hepatocyte p110cx controls insulin signalling but is dispensable for
free fatty acid and glucose sensing

M. Regnierl, A. Polizzi', C. Lukowiczl, S. Smati', A. Fougeratl, S.
Ellero-Simatos', K. Anderson®, F. Lasserre', Y. Lippil, J. Bertrand-
Michel3, L. Stephensz, N. Loiseau', C. Postic4, A. Montagner3, H.
Guillou';

'Toxalim, UMR 1331, Toulouse, France, “Babraham Institute,
Cambridge, UK, 3[2MC, Toulouse, France, *Institut Cochin, Paris,
France.

Background and aims: Class IA phosphoinositide 3-kinase (PI3K) is
involved in insulin signaling through the production of the second mes-
senger phosphatidylinositol 3,4,5 tri-phosphate (PIP3). Mouse with
hepatocyte-specific deletion of pl110x (“p110c hep-/-"), the catalytic
subunit of PI3K are glucose intolerant but protected from hepatic
steatosis. We used a system biology approach to identify pathways regu-
lated by p110«x in vivo.

Materials and methods: In this study, p110c hep+/+ and p110c hep-/-
were used in different nutritional states: fed, fasted and refed. We com-
bined transcriptomic, lipidomic, proteomic, metabolomic and histological
approaches. In vivo studies were conducted under the EU guidelines for
the use and care of laboratory animals, and they were approved by an
independent Ethics Committee.

Results: As previously reported, we confirm that p110«x deletion leads to
glucose intolerance without steatosis in response to aging and to high fat-
induced obesity. We also provide evidence that “p110x hep-/-” mice have
normal circadian control of liver transcriptome. Then, we investigated the
influence of hepatocyte pl10«-dependent signaling on liver tran-
scriptome and proteome in fed and in fasted mice. In line with the role
of PI3K« in insulin signaling, we observed that major transcriptional
targets of insulin are disrupted when p110« is lacking in fed mice. This
is associated with decreased phosphorylation of insulin-activated pro-
teins. Interestingly, we show that this depends in a 50% reduction in
PI1(3,4,5)P3 production in response to insulin in vivo. However, we found
that p110« is dispensable for Chrebp-mediated glucose sensing in hepa-
tocytes. More surprisingly, in fasted mice, p110x deficiency is also very
influential on liver transcriptome and lipidome. Gene ontology analysis
revealed a major effect on PPAR« signaling. Given the well-established
role of PPAR« in fasting, we further analysed the expression of PPARx
target genes in “pl10« hep-/-” mice. These genes, including the
hepatokine FGF21, which is produced by hepatocytes in a PPAR«x-
dependant response to adipose lipolysis, were highly increased in
“p110c hep-/-” fasted mice. Conversely, pl10« is dispensable for the
inhibition of PPAR« target during refeeding. This led us to postulate that,
in “p110c hep-/-” mice, the fasting-induced changes in PPAR«x activity
leading to an increase in FGF21 expression and secretion depends on
adipose tissue fatty acid remodeling. Consistent with this hypothesis,
we found that liver and adipose tissue fatty acid profile is modified in
“p1100c¢ hep-/-” mice in response to fasting.

Conclusion: Altogether, our data evidence that liver p110o dependent
effect on AKT is dispensable for glucose and free fatty acid signaling by
CHREBP and PPAR« respectively. Moreover, we highlight lipolysis as
the dominant signal for hepatocyte PPARx activity.

Disclosure: M. Regnier: None.
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Longitudinal study of the pathogenesis of hepatic insulin resistance in
diet-induced obese mice
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Background and aims: Excess caloric intake leads to obesity and insulin
resistance, which is also associated with hepatic fat accumulation. The
transition from glucose tolerance to insulin resistance is characterized by
altered expression of metabolically relevant genes. As longitudinal stud-
ies are scarce, it often remains unclear when this shift happens and wheth-
er these changes are cause or consequence of insulin resistance. Therefore
we designed a longitudinal experiment in mice to study alterations in gene
expression during the development of insulin resistance and to identify
the timepoint of the metabolic switch.

Materials and methods: Our longitudinal study based on the frequently
used diet-induced obesity model of C57BL/6N mice that were fed high
fat diet (HFD) containing 60% fat for up to 12 weeks. Control mice were
fed with standard chow. After 1, 2, 4, 8 and 12 weeks 8 mice of each
group underwent an i.p. glucose tolerance test and the day after mice were
sacrificed for tissue collection. RNA and DNA was extracted from liver.
To identify differentially regulated metabolic pathways and genes in early
and/or late stages of insulin resistance in liver a transcriptome profiling
using microarrays was performed. Differentially expressed genes were
validated by qRT-PCR. Hepatic triglyceride (TG) levels were determined
by a calorimetric assay. For statistical analysis a 2-Way ANOVA with
Holm-Bonferroni correction was used.

Results: The glucose tolerance test revealed that 8 weeks of HFD are
sufficient to induce glucose intolerance (p = 0.0005). Short term feeding
with HED for 1 and 2 weeks led to slightly elevated TG-levels (p <0.01
and p <0.0001, respectively). HFD-feeding for 8 and 12 weeks led to
excessive TG accumulation in the liver (p <0.0001 for both). Pathway
analysis of the differentially expressed genes revealed an involvement of
the fatty acid metabolism and peroxisome proliferator-activated receptor
(PPAR) signaling. 1 week of HFD-feeding resulted mainly in decreased
expression of genes activated by PPAR signaling, for example Fasn
(qRT-PCR data, fold change 0.32, p <0.0001) and Scd! (qQRT-PCR data,
fold change 0.08, p <0.0001), whereas 12 weeks of HFD-feeding in-
duced higher mRNA level of genes activated by PPAR signaling, for
instance Cd36 (QRT-PCR data, fold change 7.52, p <0.0001).
Conclusion: These results indicate that feeding a diet rich in fat causes
glucose intolerance after already 8 weeks. However, even before mani-
festation of the insulin resistance gene expression of metabolically impor-
tant genes is altered. The transcriptome profiling shows a distinct expres-
sion pattern of genes at early and late timepoints in liver. The results
indicate a metabolic switch between week 4 and week 8 of HFD-feeding.
In the future we will analyze if epigenetic mechanisms are responsible for
this switch in hepatic gene expression and diabetes etiology.

Supported by: Emmy-Noether-Program from the DFG

Disclosure: C. Geif}ler: None.
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Leptin therapy suppresses alanine utilisation in type 1 diabetic mice
independent of glutamic pyruvic transaminase

M.M. Kwon', S. Chen’, R.K. Baker', PR. Cullis’, T.J. Kieffer';
!Cellular and Physiological Sciences, University of British Columbia,
Vancouver, “Biochemistry and Molecular Biology, University of British
Columbia, Vancouver, Canada.

Background and aims: Leptin lowers blood glucose levels in diabetic
rodents and decreased glucose production in the liver has been suggested
to be the mechanism. Since the amino acid alanine is a substrate for
glucose production, we sought to determine whether alanine utilization
is suppressed by leptin and assess the role of glutamic pyruvic transam-
inase (Gp1), the gene responsible for alanine catabolism, in leptin action.
Materials and methods: We administered leptin by pumps to
streptozotocin (STZ)-diabetic mice and performed alanine tolerance tests
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and pyruvate tolerance tests as a comparison on day 5 post pump implant.
Alanine tolerance tests pointed towards decreased alanine utilization, and
the gene responsible for alanine catabolism, Gpt, was downregulated in
leptin treated STZ-mice. To determine whether this downregulation of
Gpt is required and sufficient for the anti-diabetic actions of leptin, we
performed 2 complementary studies. We overexpressed Gpt in the liver of
STZ-diabetic mice by hydrodynamic gene delivery then tested the effica-
cy of leptin therapy 4 days after plasmid injection. In another study, we
used siRNA encapsulated in nanoparticles to knockdown Gpt in the liver
of STZ-diabetic mice then tracked blood glucose levels.

Results: Upon observing normalization of blood glucose levels in leptin
treated STZ-mice (22.2+0.4 vs 15.2+5.7 mM day -1 and day 3), STZ-
leptin and non-diabetic controls were fasted to the point of mild hypogly-
cemia and injected with alanine or pyruvate on day 5. In non-diabetic
controls, alanine injection increased blood glucose levels (4.7+0.1 vs
6.9+0.4 mM at 0 and 30 minutes), and injection of pyruvate, the break-
down product of alanine, also increased blood glucose levels (4.7 +0.2 vs
11.2+0.3 mM at 0 and 30 minutes). In contrast, alanine did not increase
blood glucose levels in leptin treated STZ-mice (5.4+0.5 vs 4.5+
0.5 mM at 0 and 30 minutes) but injection of pyruvate increased blood
glucose levels in leptin treated STZ-mice (5.8 +0.6 vs 9.3 +0.9 mM at 0
and 30 minutes). These data suggest that alanine breakdown may be
blocked by leptin; thus, we measured Gpt transcript levels in the liver.
Gpt transcript levels were downregulated by ~2 fold in leptin treated mice
compared to STZ-diabetic controls on day 4 (p <0.0001). Administration
of plasmid encoding Gpt to leptin treated STZ-mice led to overexpression
of Gpt in the liver by ~3 fold compared to leptin treated mice receiving
empty plasmids as controls (p =0.02). Leptin similarly lowered blood
glucose levels in STZ-mice with overexpression of Gpt (9.7 +0.6 mM)
and controls (8.8 £0.8 mM) by day 7 post leptin therapy. In a separate
study, Gpt siRNA led to knockdown of Gpt in the liver by ~5 fold and ~10
fold for low and high doses of siRNA, respectively, compared to negative
controls receiving £7 siRNA (p < 0.01 for both low and high). STZ-mice
with knockdown of Gpt remained hyperglycemic on day 10 post siRNA
delivery (23.2+0.9 and 23.4+0.9 mM for low and high) comparable to
F7 siRNA controls (24.7+0.7 and 24.6 +0.4 mM for low and high
doses).

Conclusion: Leptin treated STZ-mice cannot utilize alanine to produce
glucose but their ability to utilize pyruvate, a product of alanine break-
down, remains intact. Gpt, the gene responsible for alanine breakdown is
downregulated by leptin but this is neither required nor sufficient for the
anti-diabetic actions of leptin.

Supported by: CIHR

Disclosure: M.M. Kwon: None.
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Circular dorsal ruffles and IR internalisation
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Background and aims: In the postprandial state, insulin is released from
the pancreas into the bloodstream, targeting insulin-sensitive organs such
as liver, promoting glycolysis and lipogenesis, and skeletal muscle
allowing for glucose uptake. Insulin binds to its receptor (IR) at the sur-
face, and the newly-formed complex is rapidly internalized into the cell.
Insulin-IR uncoupling leads to signal termination, and to either receptor
degradation in lysosomes or recycling to the plasma membrane. The
internalization and endocytic process can be mediated by clathrin and
caveolin vesicles, or be independent of these proteins. Circular dorsal
ruffles (CDRs) are ring-shaped actin-rich structures that form exclusively
at the dorsal surface of cells between 5 and 30 min after growth factor
stimulation. These are dynamic and transient structures, responsible for

tyrosine kinase receptor internalization and fast recycling. IR internaliza-
tion and trafficking are crucial for peripheral insulin bioavailability,
through the balance between insulin secretion and clearance, and to main-
tain glucose homeostasis in its target organs. Here, we propose that CDRs
are a non-canonical pathway involved in the internalization and fast
recycling of the IR both in liver and skeletal muscle, and that this
pathway can be disrupted by NO-induced inflammation.

Materials and methods: Hepa 1-6 mouse hepatocytes, primary mouse
hepatocytes and L6 rat muscle cells were used to characterize IR inter-
nalization. Cells were insulin stimulated for different timepoints, and
processed for immunofluorescence, using phalloidin and cortactin (actin
cytoskeleton), as well as antibodies against the IR and nitric oxide sintase
(NOS). We also impaired CDR formation by silencing WAVEL, to un-
derstand the impact of the absence of these structures in the insulin sig-
naling pathway. Finally, to mimic an inflammatory environment, we
overexpressed iNOS and further assessed CDR formation.

Results: Our results show that, upon insulin stimulation, Hepa 1-6 cells
and primary mouse hepatocytes form CDRs. We detect CDRs as early as
1 min after stimulation and observe that IR localizes to these structures,
suggesting that CDRs mediate IR internalization. Moreover, CDRs are
also present in stimulated L6 rat muscle cells, suggesting an important
role for these structures in IR internalization in insulin-sensitive tissues.
The number of cells with CDRs also increases with increasing insulin
concentrations. Preliminary results suggest that disruption of CDR for-
mation by WAVEL silencing leads to impaired insulin signaling, as in-
ferred by a decrease in Akt phosphorylation. Finally, iNOS overexpres-
sion leads to a decrease in CDR formation when compared to sham-
transfected cells, suggesting that an inflammatory environment might
disrupt this pathway, therefore IR internalization.

Conclusion: Herein, we observed insulin-induced CDR formation in
hepatocytes and skeletal muscle cells. Moreover, CDR disruption impairs
the insulin signaling pathway and that inflammation impairs CDR forma-
tion. This IR internalization route might be a major contributor for the
receptor’s availability to activate insulin signaling pathways and promote
glucose uptake, but also in the insulin internalization itself, allowing for
the fast recycling of the receptor and for insulin to fulfill its functions and
be metabolized in the liver.

Supported by: FCT - PTDC/BIM-MET/2115/3014,PD/BD/52427/2013
Disclosure: M. Araujo-Correia: None.
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Effects of the novel dual GLP-1R/GCGR agonist SAR425899 on
postprandial glucose metabolism in overweight/obese subjects with
type 2 diabetes

B. Goebel', M. Schiavon?, R. Visentin®>, M. Riz', C. Dalla Man?, C.
Cobelli?, T. Klabunde';

'Sanofi, Frankfurt, Germany, 2Universi‘[y of Padova, Padova, Italy.

Background and aims: SAR425899 is a novel dual glucagon-like pep-
tide-1 receptor/glucagon receptor (GLP-1R/GCGR) agonist. A random-
ized, double-blind, phase I multiple-ascending-dose study in 27
overweight/obese subjects with type 2 diabetes receiving SAR425899
demonstrated decreased body weight with a safety profile comparable
with GLP-1R agonists. Here, we report additional analyses of the effect
of SAR425899 on key processes in glucose metabolism.

Materials and methods: Subjects were randomized to receive daily sub-
cutaneous administrations of low-dose SAR425899 (30, 60, 90 ug) or
high-dose SAR425899 (60, 120, 180 pg) for 28 days; dose escalation
occurred after Days 7 and 14. Mixed meal tests were conducted before
treatment (Day —1) and on Days 1 and 28. Oral glucose and C-peptide
minimal models were used to quantify metabolic indices of glucose ab-
sorption, insulin sensitivity, and (3-cell responsiveness.

Results: High-dose SAR425899 had positive effects on glucose control
from Day 1. Percent change in area under the curve for rate of meal
glucose appearance between 0 and 120 min from Day —1 to Day 28
was —14% and —19% with low- and high-dose SAR425899, respectively.
Change in insulin sensitivity was 104% and 262%, respectively. Change
in (3-cell function was 127% and 145%, respectively (Table).
Conclusion: After 28 days of treatment, SAR425899 improved postpran-
dial glucose control by significantly reducing glucose absorption rate,
increasing insulin sensitivity, and enhancing (3-cell function.

Table. Effect of SAR425899 on key processes in glucose metabolism

Treatment Day AUCRao.12 St @
(mg/kg)  (10“dUkg/min/uW/mL))  (10°min)  (10- dL/kg/min?/pmol/L])
o g 390 2.42 17.3 107
%2 R [337-483] [1.50-3.48] [11.3-23.3] [24-150]
28 ; 412 1.46 229 76
sg [393-458] [1.08-2.39] [145-28.7] [82-110]
38 28 364 4.68* 40.8" 224+
= [272-454] [3.01-5.86] [24.6-69.5] [166-679)
= ] 482 1.25 209 55
5 E - [430-584] [0.70-2.51] [14.9-30.8] [23-82]
w o
2= , 382 2.79 26.5 183"
sg [310-519] [1.97-5.26] [22.6-50.4] [99-230]
i
[=] * * *
2g 5 407 8.00° 49.1%1
[373-456) [3.68-17.27) 33.2-62.5] [313-2085]

Values are reported as median [interquartile range]

*p<0.05 from paired Wilcoxon signed rank test against Day —1

p<0.05 from paired Wilcoxon signed rank test against Day 1

AUCRa, _,,,=area under the rate of meal glucose appearance curve between 0 and 120 min;
Di=total disposition index; Sl=insulin sensitivity promoting glucose utilization and inhibiting
glucose production; ®=total B-cell responsivity index

Clinical Trial Registration Number: NCT02411825
Supported by: Sanofi
Disclosure: B. Goebel: Employment/Consultancy; Sanofi.
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MEDI0382, a dual GLP-1 glucagon receptor agonist, promotes rapid
glucose control and significant weight loss in patients with type 2
diabetes

V. Parker!, P. Amberyl, D. Robertson', M. Posch?, L. Plum-Moerschel’,
T. Wang4, M. Petrone', T. Heise’, J. Meier®, B. Hirshberg4;
"MedImmune, Cambridge, UK, 2Charité Research Organisation GmbH,
Berlin, Germany, 3Profil, Mainz, Germany, “MedImmune, Gaithersburg,
USA, °Profil, Neuss, Germany, 6Ruhr-University, Bochum, Germany.
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Background and aims: MEDIO382 is a GLP-1/glucagon receptor dual
agonist under development for the treatment of type 2 diabetes mellitus
and nonalcoholic steatohepatitis. Balanced GLP-1 and glucagon receptor
agonism is predicted to achieve improved glycemic control with clinically
significant weight loss via increased energy expenditure and central ef-
fects on appetite. The primary objective was to evaluate glucose AUC
reduction during a mixed-meal test and body weight change in cohort 1.
Materials and methods: A randomized double-blind placebo-controlled
phase 2a study was undertaken to evaluate the efficacy of MEDI0382 and
tolerability in different titration schedules. Subjects recruited (n = 65) had
type 2 diabetes mellitus and were on metformin monotherapy with an
HbAlc of 6.5-8.5% and body mass index of 27-40 kg/m?. Subjects
received once-daily subcutaneous MEDI0382 uptitrated from 50 pg to
300 pg in either one or two weekly titration steps (cohorts 1 and 2,
respectively) or placebo.

Results: After 49 days of dosing, significant weight loss of 3.4% (3.3 kg)
vs placebo, (P =0.002; Figure 1) was observed and 11/26 (42.3%)
achieved weight loss of >5% (P = 0.040). Both postprandial and fasting
glucose were significantly decreased; —27.8% for glucose AUC vs place-
bo (P <0.001) and —1.8 mmol/L for fasting glucose vs placebo (P <
0.001). This equated to a reduction in HbAlc of 0.6% vs placebo (P <
0.001). Remarkably, this improvement in glycemic parameters was evi-
dent after just 7 days of dosing of 50 ng of MEDI0382 (glucose AUC,
—27.4% vs placebo, P <0.001 and fasting glucose —1.85 mmol/L vs
placebo, P <0.001). Treatment-related adverse events occurred more of-
ten with MEDI0382 (31/46 = 67.4%), the most frequent being decreased
appetite in 13/46 (28.3%). Nausea and vomiting were recorded in 5/26
(19.2%) and 3/26 (11.5%) after weekly titration and 7/20 (35%) and 4/20
(20%) after two-weekly titration. A significant increase in heart rate of
7.8 bpm was observed after 49 days of dosing, but there were no signif-
icant changes in systolic or diastolic blood pressure.

Conclusion: MEDI0382 administered for up to 49 days promoted sig-
nificant weight loss and led to rapid reduction in both fasting and post-
prandial glucose levels. The tolerability profile in cohort 1 was compara-
ble to that of marketed GLP-1 analogs; lengthening the titration interval
did not improve gastrointestinal tolerability.

Figure 1. Weight loss in kilograms in cohort 1.

2 End of treatment
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Clinical Trial Registration Number: NCT03244800
Disclosure: V. Parker: Employment/Consultancy; MedImmune. Stock/
Shareholding; AstraZeneca.

165

Neuroprotective effects of HM15211, a novel long-acting GLP-1/GIP/
glucagon triple agonist in the neurodegenerative disease models

J. Kim, S. Lee, S.-H. Lee, S. Jung, Y. Kim, I. Choi, S. Kim;

Hanmi Pharm. Co., Ltd., Seoul, Republic of Korea.

Background and aims: HM15211 is a novel long-acting GLP-1/gluca-
gon/GIP triple agonist that is being developed for the treatment of obesity
and non-alcoholic fatty liver disease (NASH). Accumulating evidences
have shown that obesity, type 2 diabetes, and NASH increase the risk of
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developing progressive neurodegenerative disease such as Parkinson’s
disease (PD) and Alzheimer’s disease (AD). In addition to peripheral
contributions, each of incretins consisting HM15211 have neuroprotec-
tive effects in several brain diseases like AD, PD, and ischemia.
Previously, we demonstrated that HM15211 exerted neuroprotective ef-
fects in MPTP induced subacute Parkinson’s disease mice model. Here,
we evaluated 1) the neuroprotective effects of HM15211 in chronic
MPTP/probenecid Parkinson’s disease model, and 2) the protection of
Alzheimer’s disease progression in db/db mice.

Materials and methods: Chronic Parkinson’s disease mice model was
induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in
combination with probenecid intraperitoneal injection, twice a week for
5 weeks and HM 15211 was subcutaneously administered once a week for
6 weeks. A db/db mice are well-established diabetic model and reported
that db/db mice develop hyperphosphorylation of tau as they grew older.
Thus we chose db/db mice to elucidate the prophylactic effect of
HM15211 on Alzheimer’s disease. Six weeks old db/db mice were sub-
cutaneously treated with HM 15211, once every two days for 12 weeks.
For motor function evaluation of chronic PD model, the traction test, pole
test and rotarod test were conducted before sacrifice. To assess the histo-
logical changes, hemi brain of all mice were sectioned and stained. And
for the molecular changes, striata of chronic PD model and cortex were
dissected from the other hemi brain and lysed with RIPA buffer and
assayed with ELISAs.

Results: Dopaminergic neuronal death in MPTP/probenecid induced
chronic PD model was confirmed by immunohistochemistry against ty-
rosine hydroxylase. The dopaminergic neuronal death was protected by
HMI15211, which was derived from anti-inflammatory and anti-oxidative
stress effect by HM15211. Also HM15211 decreased alpha synuclein in
striatum of chronic mice PD model. Together with these efficacies,
HM15211 significantly improved the MPTP/probenecid induced motor
impairments in behavior tests (rotarod, pole test, and traction test). In db/
db mice, after 12 weeks of treatment, HM 15211 reversed inflammatory
cytokines and oxidative stress marker, which were increased in db/db
mice. Also, increased phosphorylated tau in db/db mice was decreased
by HM15211.

Conclusion: Based on these observations, HM 15211 might be a potential
therapeutic option for the neurodegenerative disease.

Disclosure: J. Kim: None.
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MEDI4166, a novel antibody-peptide fusion molecule: multiple-
ascending-dose study in patients with type 2 diabetes

G. Carlson', W. Cook?, L. Morrow>, M. Petrone*, N. White*, T. Wangz,
P. Ambery4, B. Hirshbergz, M. Jain*;

! AstraZeneca, Gaithersburg, USA, ’MedImmune, Gaithersburg, USA,
3ProSciento, Chula Vista, USA, “MedImmune, Cambridge, UK.

Background and aims: Glucagon-like peptide-1 (GLP-1) agonists are
widely utilized for the treatment of type 2 diabetes mellitus (T2DM) with
proven effects on glycemic control and, in some cases, beneficial effects
on cardiovascular (CV) outcomes. High-intensity statin therapy is recom-
mended in T2DM patients with established CV disease and those at
increased CV risk. However, some T2DM patients at high CV risk may
require additional lowering of their low-density lipoprotein (LDL)-cho-
lesterol (LDL-c) levels or may be intolerant to high-intensity statin ther-
apy. Blockade of antiproprotein convertase subtilisin/kexin type 9
(PCSK9) is an effective method to lower LDL-c and decrease CV risk
by decreasing degradation of the LDL receptor. MEDI4166 is a novel
antibody-peptide genetic fusion molecule comprising a PCSK9 antibody
and a GLP-1 agonist. Its dual mechanisms of action are designed to lower
glucose and LDL-c in patients with T2DM, with the potential to reduce
CV risk.

Materials and methods: In this multicenter, double-blind, placebo-con-
trolled, multiple-ascending-dose study, adult subjects with T2DM

receiving metformin monotherapy and LDL-c >70 mg/dL were random-
ized to receive subcutancous MEDI4166 once weekly for 5 weeks at
doses of 50 mg [(n =9), 200 mg (n = 18), or 400 mg (n =21), or placebo
(n =15) in 3 separate cohorts. The co-primary endpoints were change
from baseline to day 36 in LDL-c and area under the plasma glucose
concentration-time curve (AUC._4;,) after a mixed-meal tolerance test
(MMTT).

Results: Overall, 63 subjects were randomized, of which 55 (87%) com-
pleted the study. After multiple doses of MEDI4166, LDL-c levels were
significantly decreased vs placebo (Table); no statistically or clinically
significant reductions in glucose AUC 4, after MMTT were observed.
The pharmacokinetic profile supported weekly dosing. Adverse events
(AEs) occurred in 79% (38/48) of MEDI4166 treated subjects and 87%
(13/15) placebo treated subjects. Gastrointestinal symptoms and injection
site reactions were the most common AEs in both groups. No serious AEs
were observed. Two subjects discontinued from the study due to AEs; 1
subject in MEDI4166 200-mg dose group due to hyperglycemia consid-
ered unrelated to the investigational product, and 1 subject in the placebo
group due to dyspepsia. One subject in the 50-mg and 5 subjects in the
400-mg groups discontinued for other reasons. No significant laboratory,
vital sign, or ECG abnormalities were identified. Of 48 subjects receiving
MEDI4166, 11 (22.9%) showed a treatment-induced antidrug antibody
response.

Conclusion: After multiple weekly dosing with MEDI4166 across the
dose range of 50400 mg, significant dose-dependent reductions in LDL-
¢ were observed. There was no improvement in postprandial glucose
control versus placebo. Overall, MEDI4166 was well tolerated.

Change from baseline

LDL-c (mg/dL) Glucose AUCo.4 (mg-h/dL)
Ls Ls

Dose mean 95% Cl P mean 95% Cl P
Placebo (n=15) -13 -13.6,11.0 - -87.1 -179.3,5.0 =
MEDI4166

50mg(n=9) -48.4 —64.3,-32.5 <0.0001 -195.6 -318.7,-72.5 0.1616

200 mg (n = 18) -76.1 -87.4,-64.9 <0.0001 -76.2 -157.4,5.0 0.8591

400 mg (n=21) -75.9 -86.3,-65.5 <0.0001 -46.7 -128.6, 35.2 0.5145

Clinical Trial Registration Number: NCT02524782
Disclosure: G. Carlson: Employment/Consultancy; AstraZeneca. Stock/
Shareholding; AstraZeneca.
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Impact of praliciguat, a soluble guanylate cyclase stimulator, on
blood pressure and metabolic parameters in patients with diabetes
and hypertension

J.P. Seferovic', P. Wilson', K.E. Carlson', J. Jungl, J.D. Wakefield', P.
Miller', J.G. Chickering', L. Morrow?, M.G. Currie', G.T. Milne', A.T.
Profyl, J.P. Hanrahan';

Tronwood Pharmaceuticals Inc., Cambridge, 2ProSciento, Inc., Chula
Vista, USA.

Background and aims: Praliciguat (IW-1973), a soluble guanylate cy-
clase stimulator, increased nitric oxide (NO)-mediated signaling and re-
duced fasting plasma glucose and proteinuria in an animal model of
diabetic nephropathy. In healthy subjects, repeated oral doses of
praliciguat (1540 mg) were well tolerated and lowered blood pressure
(BP). We evaluated 2 dosing regimens of praliciguat in a phase 2a trial in
patients with type 2 diabetes mellitus (T2DM) and hypertension (HTN).
Materials and methods: In a double-blind, randomized, placebo (PBO)-
controlled trial, the effects of oral praliciguat were assessed in 26 patients
with T2DM and HTN on stable antihyperglycemic and BP-lowering
therapies. Two praliciguat regimens were evaluated: 1) 40 mg once daily
(QD) for days 1-14 (N = 10), and 2) 20 mg twice daily for days 1-7 then
40 mg QD for days 8—14 (N = 10). Fasting plasma glucose, serum lipids,
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apolipoprotein B, and BP (by 24-h ambulatory BP monitoring; ABPM)
results are presented. Least squares mean differences from PBO and as-
sociated 95% confidence intervals (LSM [95% CI]) from analysis of
covariance models with treatment as a fixed effect and baseline as a
covariate are shown. Post-hoc subgroup analyses by concomitant medi-
cation use and baseline BP levels were also performed.

Results: Results were similar for both regimens after 14 days of treatment
and were therefore combined. Relative to PBO, praliciguat-treated pa-
tients overall had decreases in fasting plasma glucose (—13 mg/dL [-32,
7]) and in the subgroup of 16 patients who were using only oral
antihyperglycemic agents without insulin (—19 mg/dL [-37, —2]). A sim-
ilar trend was observed in this subgroup of patients in homeostatic model
assessment of insulin resistance-HOMA-IR (—23% [—56, 9]). Total and
low-density lipoprotein cholesterol decreased in praliciguat-treated vs.
PBO patients overall (—26 mg/dL [—44, —7]) and —20 mg/dL [-37, 3],
respectively) and in the subgroup of 18 patients on concomitant statin
therapy (—17 mg/dL [-44, 10] and —16 mg/dL [-41, 9], respectively).
Lowering of apolipoprotein B levels was also suggested to be more pro-
nounced after praliciguat compared to PBO treatment overall (—119 pg/
mL [-295, 57]) and in those on statin therapy (—61 pg/mL [-281, 160]).
There were decreases in 24-h ABPM mean arterial pressure (MAP) in
praliciguat- vs. PBO-treated patients, overall (-5 mmHg [—10, 1]) and in
subgroup of 10 patients with baseline MAP >92 mmHg (overall median
at baseline; —14 mmHg [-23, —5]). In contrast, these decreases were not
observed in the subgroup with baseline MAP <92 mmHg (2 mmHg [—4,
8]). A similar pattern was seen for both systolic and diastolic BP.
Tolerability of praliciguat was acceptable in this trial.

Conclusion: In this small study, praliciguat lowered fasting plasma
glucose and lipid levels in T2DM patients with HTN on standard
therapies, including oral antihyperglycemic agents and statins.
These results suggest that praliciguat may lower BP in these
T2DM patients, especially those with higher baseline BPs. The
metabolic and hemodynamic effects of praliciguat are being fur-
ther evaluated in ongoing studies of diabetic nephropathy and
heart failure with preserved ejection fraction.

Clinical Trial Registration Number: NCT03091920

Disclosure: J.P. Seferovic: Employment/Consultancy; J.P.Seferovic is an
employee of [ronwood Pharmaceuticals Inc.
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Effect of leptin replacement therapy (LRT) on survival and disease
progression in generalised and partial lipodystrophy (GL, PL)

K. Cook', O. Ali', D. Gupta', D. Holmgqvist', D. Lee', C. Ng', P. Bradt®,
R. Brown® H

!Analysis Group, Menlo Park, *Aegerion Pharmaceuticals, A Novelion
Therapeutics Company, Cambridge, *National Institutes of Health,
Bethesda, USA.

Background and aims: Lipodystrophy (LD) is an ultra-rare disease as-
sociated with significant morbidity and mortality. Effects of LRT on met-
abolic disease in GL and PL have been studied; but effects on mortality
are unknown. We investigated these effects using data from GL and PL
patients treated with LRT at the NIH (N =114) and cared for but not
treated with LRT at 3 centers in the US and Turkey (N = 178).
Materials and methods: Four abnormalities (liver, kidney, heart, and
HbA1c >6.5%) were considered. LRT patients had a mean of 2.8 abnor-
malities prior to treatment, while the mean for untreated patients was 0.7
at a similar age. We used a matching approach to create comparable
samples of treated and untreated patients. Each treated patient was
matched (using Mahalanobis distance) to an untreated patient to balance
across age, gender, type of LD, and number of abnormalities. LRT treat-
ment effect was examined via Cox proportional hazards models of 1)
mortality and 2) development of subsequent abnormalities.
Additionally, the relationship between abnormalities and mortality was
studied in the sample of untreated patients.

@ Springer

Results: A Cox proportional hazards model relating treatment to mortal-
ity yielded a hazard ratio for LRT of 0.34 (p = 0.047), meaning that LRT
was associated with a 66% decrease in mortality risk. Adjusting for co-
variates including gender, type of LD, and type of organ abnormality
results in a larger decrease in mortality risk (HR 0.21, p <0.01). One
possible mechanism for the effect of LRT on mortality is its role in mit-
igating or resolving organ abnormalities. A time-varying Cox proportion-
al hazards model relating number of abnormalities present (0 to 4) to
mortality among untreated patients found a positive relationship between
additional abnormalities and mortality (HR 3.2, p < 0.01). Separately, we
found that LRT reduced the likelihood of developing a third (HR 0.47,
p <0.01) or fourth abnormality (HR 0.46, p <0.05).

Conclusion: These are the first data suggesting that LRT reduces mortal-
ity in LD.

Clinical Trial Registration Number: NCT00025883

Supported by: Aegerion Pharmaceuticals, A Noevlion Therapeutics
Company

Disclosure: K. Cook: Employment/Consultancy; Analysis Group,
Aegerion Pharmaceuticals, A Novelion Therapeutics Company.
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Placental microRNA expression patterns in pregestational diabetes
and identification of specific potential biomarkers

A. Tbarra', B. Vega2’3, M. Armas>?, D. Gonzalez>>, S. Perera®, R.
Horres®, R. Valls*, J.C. Wiebe®, A.M. Wﬁgner"3 )

"Endocrinology, Complejo Hospitalario Universitario Insular Materno
Infantil de Canarias, Las Palmas de Gran Canaria, Spain, 2Gynecology,
Complejo Hospitalario Universitario Insular Materno Infantil de
Canarias, Las Palmas de Gran Canaria, Spain, *Instituto Universitario
de Investigaciones Biomédicas y Sanitarias. Universidad de Las Palmas
de Gran Canaria, Las Palmas de Gran Canaria, Spain, 4Anaxomics SL,
Barcelona, Spain, 5GenXPro GmbH, Frankfurt, Germany.

Background and aims: Offspring of mothers with type 1 diabetes (T1D)
are at increased risk of developing T1D, but have a lower risk than off-
spring of fathers with T1D. This could be explained by intrauterine,
epigenetic effects, detectable at birth. Our aim was to assess the effect
of maternal T1D on placental expression of miRNAs.

Materials and methods: Samples of the maternal and foetal sides of the
placenta were obtained from women with T1D (N =38, 3rd trimester
HbA . 6.4 (0.9)%) and type 2 diabetes (T2D) (N =32, HbA,, 6.1
(0.7)%), women whose partner had T1D (N = 15) and controls matched
for age and gestational age (N =59). In ten “pools” of 8-10 samples,
massive sequencing of mRNA and miRNAs was performed. Selecting
miRNAs with a difference in expression between groups (p <0.1) and an
inverse difference in the target mRNAs (fold-change <—1/>1), 5 new and
8 known miRNAs were identified. The following were selected for val-
idation via qPCR (EXIQON miRCURY Universal RT Kit; cel-miR-39-
3p as internal control) in the individual samples in each pool: miR-372-
3p2, miR-127-3p, miR-145-5p, miR-373-3p2, miR-125b-5p, miR-19a-
5p, miR-20a-5p and novel Chrl1-134. Quantile normalisation was per-
formed and ACT values (with miR-16-5p as reference due to its stable
expression across groups) were compared (pair-wise, cluster- and princi-
pal component analysis (PCA). Data mining techniques were also used to
identify potential biomarkers (single miRNAs or combinations of 2-3)
specific for TID and T2D (foetal and maternal sides of the placenta).
Feature normalization, selection, extraction and transformation were
followed by the application of base classifiers (binomial GLM and naive
Bayes). Validation was performed using the “leave one out” method.
Classifiers with a cross validated p < 0.05 and a cross-validated balanced
accuracy >70% were considered.

Results: Analysis of the first 96 samples revealed that the miRNAs that
best discriminate the T1D group from the control groups are 19a-5p,
125b-5p, 20a-5p and Chr11-134. The table shows the most relevant clas-
sifiers for T1D and T2D. Replication in 188 additional samples is
ongoing.

Conclusion: MiRNA expression patterns can distinguish T1D placentas
from controls. No common classifiers for T1D and T2D were identified,
although two miRNAs were included as classifiers for both T1D and T2D
on the maternal side of the placenta and another two on the foetal side of
the placenta. Thus, these miRNAs could be related to intrauterine hyper-
glycemia, and are therefore interesting candidate classifiers for further
study.

Foetal side
crosVal- crosVal- CrosVal-
ACC AUC pValue
miR-19a-5p 0.76 0.77 1.15E-03
’%m—zoa 5p
|_miR-126b-6p E— :
miR-125b-5p 0.76 0.76
miR-127-3p
miR-373.3p2
miR-125b-5p - - - 0.73 0.72

Maternal side
crosVal- crosVal- | CrosVal-
Balanced ACC AUC pValue

0.73 0.79 1.43E-03

“1.95E-03 |

1.43E-03
| Chri1-134
miR-125b-5p - - - 0.77 0.75
miR-145-5p
Chr11-134
miR-125b-5p - - - 0.75 0.73
miR-373-3p2
Chr11-134
(LA
miR-20a-5p 0.756 0.78
miR-125b-5)
miR-19a-5p 0.80 0.82
miR-20a-5p
| miR-125b-5p
miR-19a-5p 0.75 0.73
miR-20a-5p
miR-373-3p2
miR-20a-5p - B - 0.75 06
miR-125b-5p
miR-145-5p
Most promising classifiers obtained from placenta to discern pregnant women with T1D or T2D.

2.95E-04

2.41E-04

2.86E-02

9.88E-03

3.49E-02

2.86E-02

Disclosure: A. Ibarra: None.
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Inhibition of IncRNA Lincpint expression affects insulin secretion
and apoptosis in mouse pancreatic beta cells

Y. Li', Y. Zhv?, Q. Yuan';

'Department of Endocrinology, the first Affiliated Hospital of Nanjing
Medical University, Nanjing, “Jiangsu Medical Magazine, Nanjing,
China.

Background and aims: Insulin, which is produced and secreted from
pancreas islet, is essential for maintaining glucose homeostasis. The de-
crease of insulin biosynthesis and islet mass may induce to 3 cell dys-
function, ultimately to various diabetes mellitus. Lots of transcription
factors and microRNAs are found to modulate islet function, while a
newly identified set of regulatory factors, the long noncoding RNAs
(IncRNAs), are rarely known. LncRNAs are recognized as a new class
of'transcripts longer than 200nt that unable to translate into proteins. They
regulate gene expression at transcription, epigenetic and translation
levels. Moreover, IncRNAs participate in a variety of biological process-
es, such as cellular development, differentiation, and cell apoptosis.
Recent evidence indicates that IncRNAs are involved in maintaining islet
function and diabetes occurrence. Lincpint is a long intergenic noncoding
RNA, and is necessary for development and cell function. Here, we in-
vestigated its biological functions in mouse pancreatic 3 cells both in vivo
and vitro.

Materials and methods: Lincpint expression levels were detected in
BALB/c mice tissues (including heart, liver, spleen, muscle, kidney, pan-
creas) and pancreatic islets from C57BL/KsJ-lepr®/lepr®™ (db/db) mice
and age-matched nondiabetic littermates by quantitative real time PCR
(qRT-PCR). RNA interference was used to knockdown Lincpint expres-
sion in MING6 cells and BALB/c mice. The effect of Lincpint on islets 3
cells proliferation, apoptosis and insulin secretion were assessed by MTT,
flow cytometry and glucose stimulated insulin secretion (GSIS).
Intraperitoneal glucose tolerance test (IPGTT), ELISA and immunohis-
tochemistry were performed to evaluate the effect of Lincpint in vivo.
Results: Lincpint was highly expressed in pancreas compared to other
tissues (P <0.05) and rich in islets rather than exocrine glands from
BALB/c mice (P <0.05), but downregulated in db/db mice islets com-
pared to littermates’ (P < 0.05). Lincpint could be regulated by different
concentrations of glucose in MING cells (P < 0.05). Moreover, silencing
Lincpint expression in vitro suppressed insulin synthesis and secretion
(P <0.05), and increased cell apoptosis (P < 0.05). In vivo, blood glucose,
serum insulin and positive islet area were decreased after knockdown
Lincpint expression (P < 0.05).

Conclusion: In our study, we demonstrated that Lincpint was highly
expressed in nondiabetic mice pancreas and islets, but decreased in db/
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db mice islet. As well as, Lincpint could affects insulin secretion and
apoptosis in mouse pancreatic (3 cells. The present findings suggest that
Lincpint may contribute to maintain 3 cells function, and is worthy for
further investigation due to its potential for diabetes treatment.
Disclosure: Y. Li: None.
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Impact of type 2 diabetes-associated variants at the STARD10 locus
on chromatin conformation and human beta cell function

M. Hu', PJ. Gadue’, G.A. Rutter’;

"Imperial College London, London, UK, *Department of Pathology and
Laboratory Medicine, University of Pennsylvania, Philadelphia, USA,
3Department of Medicine, Imperial College London, London, UK.

Background and aims: Genome-wide association studies (GWAS) have
identified more than 100 /oci in the human genome associated with type 2
diabetes. The majority of these are located in intergenic or intragenic
regions suggesting that the implicated variants may alter chromatin con-
formation. This, in turn, is likely to influence the expression of nearby or
more remotely located genes to influence beta cell function. At present,
however, detailed molecular and functional analyses are still lacking for
most of these variants. We recently analysed one of these loci, within the
STARDI0 gene, and mapped five causal variants in an islet-specific en-
hancer cluster. Here, we aimed to understand how these variants affect
enhancer activity and beta cell function.

Materials and methods: Human foetal pancreas-derived EndoC-3H]1

cells were used throughout. Promoter-luciferase reporter, chromatin con-
formation capture, chromatin immunoprecipitation-qPCR, and glucose-
stimulated insulin secretion (GSIS) assays were deployed to identify and
assess the function of individual enhancers. CRISPR/Cas9 genome
editing was used to create the required mutations or deletions.

Results: Using published ATAC-seq data, we sub-cloned 10 open chromatin
regions (0.2-2 kb) at the STARDI0 locus and analysed their transcriptional
activity using promoter-luciferase assays. Of these, one, termed HS1b,
displayed a six-fold increase of luciferase activity [luciferase/renilla ratio:
Control, 1.25+0.06 vs. HS1b, 7.82+0.17; Student’s t-test, p <0.001; n =

3]. Deletion of HS1b using CRISPR/Cas9 led to a significant reduction of
STARDI0 expression (fold; Control 1 vs. HS1b-del, 0.486 +0.04; p <0.001,
n =3) and a concomitant lowering of glucose-stimulated insulin secretion
(GSIS) (15/0.5 mM glucose, fold change: control, 4.23 +0.41 vs. HS1b-del,
2.21+£0.06; p < 0.05; n = 3). Deletion of a 4.0 kb DNA region containing the
five causal variants also reduced GSIS (15/0.5 mM glucose, fold change:
Control, 1.70£0.077 vs. SNPs-del, 1.36+0.078; p <0.05; n =3) and
lowered STARDI( expression (fold: Control 1 vs. SNPs-del, 0.528 +0.042;
p <0.001, n =3). Chromosome conformation capture assays (4C and 3C)
identified two enhancer regions, HS1 and HSS, as interacting with the causal
variants, including the indel rs140130268 with highest causal probability.
Immunoprecipitation-qPCR assay using a CCCTC binding factor (CTCF)
antibody confirmed the existence of multiple CTCF binding sites in both
HS regions. To test the hypothesis that CTCF binding sites may create a
chromatin loop defining an enhancer complex, we mutated four of the
CTCF binding sites one by one. This resulted in a significant (p <0.05;
n =3) impairment in GSIS assays [Control, 4.05+0.46 vs. HS5-1-Mu,
2.75+0.07; HS5-2-Mu, 2.66 +0.13; HS1-1-Mu, 3.49+0.02 and HS1-2-
Mu, 3.47+0.57] and ~18-25% reduction in STARD0 expression [Control,
1.0 vs. HS5-1-Mu, 0.82 +0.045; HS5-2-Mu, 0.74 +0.050; HS1-1-Mu, 0.82

+0.03; and HS1-2-Mu, 0.81 +£0.043; p <0.05; n =3].

Conclusion: These data demonstrate that modification of enhancer ele-
ments at the STARD0 locus affects beta cell function. The causal vari-
ants, which are physically associated with enhancer regions, are likely to
exert their effects through the formation and activity of an enhancer-
cluster complex which alters the expression of STARD10 and possibly
other genes.

Supported by: Wellcome Trust
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Histone acetylation and transcriptome mapping reveals distinct
glucose-regulated genomic regions mediated by histone acetyltrans-
ferase p300 in pancreatic beta cells

P. Bompada], P. volkov', R. Anderssonl, M. Bysanil, S. Atanur® , C.
Luan', J. Omella', E. Renstréom', Q. Zhang3, M. Ridderstrale', J.
Ferrer?, L. Groop', Y. De Marinis';

"Lund University, Malmo, Sweden, 2Imperial College London, London,
UK, 3University of Oxford, Oxford, UK.

Background and aims: Histone acetylation is an essential part of gene
regulation controlled by histone acetyltransferase (HAT). Previous studies
showed that hyperglycemia induces histone 3 lysine 9 acetylation
(H3K9ac) at gene promoters, which leads to gene expression changes.
However, it is not known which genomic regions genome-wide are di-
rectly targeted by HATSs at hyperglycemia, or how this may change his-
tone acetylation and subsequently gene expression. In this study, we
mapped global H3K9ac enrichment and gene expression changes induced
by high glucose mediated by HAT p300 in pancreatic beta cell line INS
823/12.

Materials and methods: HAT p300 was silenced by CRISPR/Cas9 in
INS1 832/13 cells. Wild-type (WT) and Ep300 knock-out (KO) cells
were treated in 5 (LG) or 25 mM (HG) glucose for 24 hours. For ChIP
seq, cells were cross-linked by formaldehyde and chromatin was sonicat-
ed. DNA-protein complex was precipitated using H3K9ac antibody.
Library was constructed on de-crosslinked DNA fragments and se-
quenced on Ilumina NextSeq 500. For RNA sequencing, mRNA was
isolated by RNeasy and library was constructed using TruSeq Stranded
Total RNA Library Prep Kit and sequenced on Illumina NextSeq 500.
Results: In WT cells, high glucose changed expression in 10453
genes (5042 upregulated and 5429 downregulated). When p300
KO was compared to WT at high glucose, 8943 genes were differ-
entially expressed (4342 increased; 4600 decreased), among which
3040 genes overlapped with high glucose-sensitive genes in WT
cells. The remaining 5902 genes were identified as glucose-
sensitive p300-dependent genes. To understand if the gene expres-
sion changes caused by p300 KO were directly linked to histone
acetylation enrichment facilitated by p300, we performed ChIP seq
using H3K9ac antibody. Glucose induced changes in H3K9ac en-
richment were observed in 240 genomic regions, 49% of which are
in the promoter regions. Two were identified at transcription termi-
nation sites (TTS) in the Insl and Ins2 genes, and 32 in other intron/
exon regions. When compared to WT-HG, p300 KO cells at high
glucose had differential H3K9ac enrichment in 113 genomic re-
gions, including 33% at the promoter regions. All differentially
enriched H3K9ac are distributed among 21 chromosomes. Around
30% of H3K9ac changes in p300 KO (HG) were gene promoter
acetylation decreases, which led to dramatic changes in respective
gene expression detected by RNA seq. In the Cend2 (Cyclin D2)
gene, H3K9ac decreased by ~5 fold at Cend2 promoter in p300 KO,
which was associated with 600-fold decrease in the Cend2 gene
expression. In nine genes, p300 KO led to increased H3K9ac en-
richment and increased gene expression. The top gene is Stx16
(Syntaxin 16), p300 KO led to a 3-fold increase in H3K9ac at
promoter, which was associated with 122-fold increase in Stx16
gene expression. Geg (Glucagon) had 700-fold decrease in gene
expression in p300 KO, but no significant H3K9ac changes were
detected. This may imply that decreased Gecg gene expression may
be mediated by other histone acetylation marks facilitated by p300,
or this is a downstream effect via another gene expression changes.
Conclusion: Our study has revealed distinct genomic regions that are
regulated by high glucose-induced H3K9ac enrichment changes mediat-
ed by HAT p300.

Supported by: Swedish research council, Hjelt foundation, IMI BEAT-
DKD
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Role of microRNAs in the adipocyte morphology in relation to the
family history of type 2 diabetes

P. Mirra', A. Desiderio', C. Nigrol, M. Longol, L. Parrillo', R. Spinellil,
F. Zatteralel, F. Fioryl, G.A. Raciti', U. Smithz, F. Beguinotl;

"URT GDD of the IEOS-CNR & University of Naples “Federico 117,
Napoli, Italy, *The Lundberg Laboratory for Diabetes Rescarch at the
University of Gothenburg, Gothenburg, Sweden.

Background and aims: Individuals with a family history (first-degree
relatives, FDRs) of type 2 diabetes (T2D) are more likely to develop the
disease, but the precise factors accounting for this increase in risk are
poorly understood. However, emerging evidence suggests that epigenetic
mechanisms, including microRNAs (miRNAs), may bridge genes and
shared environmental components amongst family members. In
euglycemic non-obese T2D-FDRs, metabolic defects have been reported
and an impaired insulin sensitivity has been associated with signs of
adipose tissue dysfunction and an enlarged cell size of subcutaneous
adipocytes. To gain further insight into the pathogenesis of T2D, the
present study aims at exploring the relationship between miRNAs and
molecular mechanisms underlying the altered adipocyte morphology in
euglycemic non-obese T2D-FDRs, focusing on targets that may be in-
volved in the dysregulation of adipocyte number or size.

Materials and methods: Using the Illumina HiSeq 2000 platform,
miRNA and mRNA expression profiles were examined in cultured adi-
pose precursors from subcutaneous adipose tissue (scAT)-derived stromal
vascular fractions (SVFs) of euglycemic non-obese T2D-FDRs (n =9)
and matched control subjects without any T2D familiarity (n = 11).
Advanced analyses were applied to identify miRNAs and mRNAs differ-
entially expressed between the two groups, in addition to miRNA-target
interactions. Luciferase reporter assays were performed to test the pro-
posed miRNA-target interactions.

Results: miRNA expression analysis in cultured adipose precursors from
scAT-SVFs revealed 34 miRNAs differentially expressed between T2D-
FDRs and controls, of which 23 are down- and 11 up-regulated.
Subsequently, we confirmed that miR-23a-5p, miR-193a-5p and miR-
193b-5p are significantly down-regulated in T2D-FDRs compared to
controls. Interestingly, we observed a significant inverse correlation be-
tween the levels of each of these three miRNAs and the adipocyte cell
size. Furthermore, using computational algorithms to predict miRNA
targets, we realized that pathways related to adipocyte commitment/
differentiation and function are enriched for these miRNAs. In addition,
we integrated the mRNA expression data with the miRNA target predic-
tions to support our proposal of new miRNA-target interactions and ver-
ified them using 3'UTR-reporter constructs and miRNA specific mimics
in HEK 293 cells. Therefore, we demonstrated that the identified
miRNAs may contribute to the up-regulation of IGF2 (insulin-like
growth factor 2) and MXRAS (Matrix Remodeling Associated 5), whose
levels are positively and significantly correlated with the adipocyte cell
size in euglycemic non-obese T2D-FDRs.

Conclusion: The decreased expression of miR-23a-5p, miR-193a-5p and
miR-193b-5p observed in adipose precursors is a common feature of
T2D-FDRs. Furthermore, our findings suggest an effective role of these
miRNAs in adipocyte differentiation and/or function. Thus, they may be
proposed as new biomarkers and/or targets for therapeutic interventions.
Disclosure: P. Mirra: None.
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CRTC1 variants and DNA methylation in eating behaviour and ad-
ipose tissue biology in humans
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University of Leipzig, Leipzig, Germany, *Dept. of Surgery, University
of Leipzig, Leipzig, Germany.

Background and aims: CREB-regulated transcription coactivator 1
(CRTC1) is involved in various biological processes including energy
metabolism. Genetic variants within CRTC! (e.g. 1s757318) have been
related to body fat mass (BFM) and BMI in humans, while CRTCI
knockout mice display clear changes in eating behaviour. We aimed at
identifying genetic variants within CRTC/ that are associated with eating
behaviour in humans.

Materials and methods: 1,036 individuals from the Sorbs population
were selected for initial analysis from which 540 completed the German
3-factor eating questionnaire. Using data obtained previously from a SNP
array (blood), a total of 12 SNPs were extracted, and rs7256986 was
newly genotyped. All variants were analysed for their association with
eating behaviour, while only non-diabetics were included for analysis of
the relation with metabolic and anthropometric variables. Analyses were
done in additive, dominant and recessive modes of inheritance. Because
157256986 introduces a CpG site, pyroseq was applied in a subcohort of
N =42 to test for differential methylation at this site, and its relationship to
eating behaviour and to metabolic and anthropometric traits was tested.
To validate our findings, a second independent German cohort with eating
behaviour data was used (N =314). A third cohort (N =77) was used to
analyse the impact of rs7256986 on CRTC1 DNA methylation and gene
expression in human adipose tissue from paired visceral (OVAT) and
subcutaneous (SAT) depots. Calculations were completed using SPSS
24 and METAL. A P value over 0.05 was assumed to show correlation.
Results: Five SNP variants associate with eating behavior factors includ-
ing restraint, disinhibition, and/or hunger while four relate further to al-
cohol or coffee intake (P < 0.05). Eight SNPs relate to alcohol intake only.
Pyroseq at rs7256986 (N =42) revealed that G-allele carriers have a 19.5
(genotype GG) or 10.7 fold (genotype GA) increase in DNA methylation
as compared to homozygote A-allele carriers (P <0.0001). Further, a
neighboring CpG site was found to be co-methylated with higher meth-
ylation among GG carriers (P < 0.01). Methylation at both sites correlates
with increased restraint (P =0.00025). A meta-analysis on 1s7256986
association with eating behavior using data from Sorbs and the second
independent cohort shows the same trends for disinhibition and restraint.
In the third independent cohort, G-allele carriers show increased CRTC/
gene expression level (P =0.006) and lower waist circumference (P =
0.018) as compared to AA-carriers. Further, CRTCI gene expression
correlates positively with DNA methylation in OVAT (P = 0.035), while
the latter is negatively associated with BFM (P =0.045). Moreover, a
negative correlation of DNA methylation (P =0.016) and gene expres-
sion (P =0.023) with BMI was observed.

Conclusion: Our data suggest an effect of CRTCI SNPs on eating be-
havior and DNA methylation. CRTCI gene expression relates to
1s7256986 and DNA methylation in OVAT and, further, to BMI in an
independent cohort, suggesting a potential role for CRTC! in adipose
tissue biology.

Supported by: ADI-K6e-96 (Y.B.); EU-Scientia Fellowship from the
University of Oslo (KR)

Disclosure: L. 1a Cour Poulsen: None.
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Perinatal starvation increases risk for diabetic retinopathy in
adulthood

O. Fedotkina', R B. Prasad’, R. Jain®, L. Cherviakova®, N. Khalimon®*,
T. Svietleisha*, T. Buldenko®, I. Artner?, V. Kravchenko®, A.M.
ZhydenkoS, A. Vaiserman’, M. Khalangot(’, P.M. Nilsson?, V.
Lyssenko"s;

"Department of Clinical Science, University of Bergen, Bergen, Norway,
“Diabetes and Endocrinology, Department of Clinical Sciences, Lund
University Diabetes Center, Lund, Sweden, 3Chernihiv Regional
Hospital, Chernihiv, Ukraine, 4Chernihiv City Hospital, Chernihiv,
Ukraine, *Public Health Authority of Chernihiv regional public adminis-
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Background and aims: Perinatal exposure to stressful conditions
has been associated with a number of adverse consequences later
in life. A recent study has demonstrated that the Ukrainian
Holodomor famine in 1930’ies as associated with 1.47-fold in-
creased risk for type 2 diabetes in adulthood. In the present study,
we investigated prevalence of diabetic retinopathy as a late con-
sequence of perinatal exposure to famine. We also studied the
extent to which genetic variants associated with metabolic risk
factors might influence the risk of diabetic retinopathy in a pop-
ulation from northern Ukraine with historical famine exposure.
Materials and methods: We obtained records on diabetes retinopa-
thy from 101,095 patients with type 2 diabetes from Ukraine
national diabetes registry, of whom 3,061 had proliferative reti-
nopathy. We analyzed a panel of 169 SNPs in 3,634 patients with
type 2 diabetes from the Chernihiv region of northern Ukraine
with a history of Holodomor famine exposure to identify genetic
determinants of proliferative retinopathy. Logistic regression ad-
justed for sex, age at visit, diabetes duration, and corrected for
family relationships was used to study association of SNPs with
diabetic retinopathy. We calculated crossover odds ratio for inter-
action between additive model of DNA variants and year of birth
adjusted for sex, age, and diabetes duration using logistic regres-
sion model.

Results: There were 53,321 (34% men) patients with type 2 diabetes
included from the exposed to Holodomor famine regions in Chernihiv
and Kiev, and 47,774 (37% men) from unexposed regions in Volyn and
Rivne, extracted from the Ukraine national diabetes registry. The odds
ratio for diabetes retinopathy was increased for subjects born during
Holodomor, World War II and post-war famine periods 1932—-1947
(p <0.001). A strong interaction between DNA variants and perinatal
exposure to famine on the risk of diabetic retinopathy was observed for
11 genes (ADRA2A, DCD, PCSK9, CNDP2, CYP2C19%*2, MADD,
ADCY5, VEGFA, CDKN2B, PIK3CG, and PROX1) (odds-ratio heteroge-
neity test * value >75, p <0.05).

Conclusion: These results demonstrate an association between intrauter-
ine exposure to famine with the risk of diabetic retinopathy in adulthood.
Underlying genomic factors seem to predominantly involve mechanisms
regulating neuronal functions.

Supported by: BFS, VR, UiB, NNF
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Starvation induced changes in transcriptome of retinal cultures
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Background and aims: Retinopathy is a severe complication in patients
with diabetes leading to visual impairment and blindness. The prevalence of
diabetes and associated complications are particularly increasing in the devel-
oping countries with histories of malnutrition and poor living conditions.
Starvation is a strong exposure, which may introduce irreversible changes
in the cellular physiology, even after the exposure has been eliminated. In
particular, there is a limited understanding of the starvation effects on the cells
in the developmental stages. The molecular understanding of the processes
affected by embryonic starvation in the retina may reveal fundamental in-
sights into novel and effective treatment strategies.

Materials and methods: In this study, the long-term effects of starvation
on the RNA expression of mice embryonic retinal cultures were exam-
ined using RNA sequencing (n = 5-6). Cells were starved for 6 hours and
subsequently cultured in a normal glucose media for 6 days before sam-
pling. The control cells were cultured in a normal culture environment.
The RNA extracts were sequenced using TruSeq Stranded Total RNA
with RiboZero (Illumina). The alignment of the transcripts and differen-
tial expression analysis were done with using Kallisto 0.43.1 and edgeR
3.20.9, respectively.

Results: The retinal cell culture deconvolution analyses demonstrated down-
regulated expression of cell markers, such as Glul and Slcla3 (Glast) for
Miiller cells, 7ubb3 for all types of neurons, Prkca for bipolar neurons,
Rbfox3 for retinal ganglion cells, Opnlsw for photoreceptors, and Pax6 for
progenitor cells, while vasculature cell marker Fit/ (Vegfi-l) was upregulated
in the starved samples (p <0.01, FDR <0.05). No differences were observed
for Nes, Pecami, Calbl and Calb2, and Opn3 genes. Gene ontology enrich-
ment analyses suggested upregulation of the genes for GO terms such as
response to stimulus (p =4.3E-23), signalling receptor activity (p =4.8E-
22), blood vessel development (p =3.1E-18), cell migration (p =2.1E-16),
immune system process (p = 1.2E-12) and response to stress (p = 5.8E-8) in
the starved cells as compared to the control cultures (Figure 1). We are
presently looking for the association of genetic variants in these genes with
retinopathy in patients with type 2 diabetes.

Conclusion: These data demonstrate that embryonic starvation exhibits
detrimental and long-term effects on the transcriptome of the
neurovascular unit in the retina, and thereby could increase susceptibility
for the development of retinopathy.

immune system process
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Disclosure: T. Ozgiimiis: None.

177

NSE, a novel biomarker, is elevated as an indicator of diabetic reti-
nopathy including macular oedema
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Background and aims: Diabetic retinopathy (DR) has been a leading
cause of legal blindness in working adults. In addition, diabetic macular
edema (DME) is the most common cause of visual loss in both prolifer-
ative and non-proliferative retinopathy. Diabetic retinopathy is generally
viewed as a neurovascular disease. Early DR includes a neurodegenera-
tive component. In this regard, neuron-specific enolase (NSE), catalyzing
the conversion of 2-phosphoglycerate into phosphoenolpyruvate in neu-
rons, a new emerging biomarker of nerve deficits may be involved in
retinopathy. Following nerve injury as a result of chronic exposure to
ischemia or hypoxia, NSE is readily released into blood and detected in
sera. We aimed to investigate the relationship between serum NSE and
diabetic retinopathy including macular edema.

Materials and methods: Participants included type lor 2 diabetes
mellitus and healthy control subjects (n =392). Patients with peripheral
neuropathy were excluded from the study using the methods as we pre-
viously reported, i.e. through a combined assessment of clinical manifes-
tations and functional tests of nerve deficits. Other diseases associated
with possible sources of elevated NSE were also excluded. In this cross-
sectional study, diabetic retinopathy status was assessed by fundus pho-
tographs. Based on International Classification of Diabetic Retinopathy
or Early Treatment Diabetic Retinopathy Study (ETDRS), retinopathy
and the macular edema were defined and sub-categorized, respectively.
Serum neuron specific enolase (NSE) was measured using
electrochemiluminescence immunoassay. Co-variables for diabetic reti-
nopathy and NSE were obtained from fasting blood samples and
interviewer- questionnaire.

Results: NSE was slightly elevated in diabetic subjects in contrast to
healthy subjects and obviously increased in diabetic subjects with reti-
nopathy compared without (8.3 (2.0) vs. 7.6 (1.5), p =0.037 and 8.3 (2.0)
vs. 9.5 (2.7), p =0.004, respectively). In addition, NSE levels increased
with and were closely correlated to the stages of retinopathy without
macular edema (= 0.60 (0.50-0.71), p =0.002) and stages of macular
edema with comparable retinopathy (»=0.58 (0.46-0.69), p =0.006).
The association of NSE with diabetic retinopathy was independent
(OR: 1.31 (1.12-1.65), p =0.017), after the diabetic state and other po-
tential confounders affecting NSE levels were considered (e.g., HbAlc,
duration, age, gender, renal status, and medicines). The optimal cut-off
point for serum NSE levels for differentiating patients with diabetic reti-
nopathy including macular edema from without was 9.3 pg/l with a
sensitivity of 67.5% and a specificity of 69.8%.

Conclusion: Our study demonstrated for the first time that serum neuron
specific enolase levels were elevated in diabetes and independently relat-
ed to diabetic retinopathy including macular edema. Our findings suggest
that NSE may be a potential biomarker of diabetic retinopathy. Future
prospective studies are warranted to clarify the relationship.

Disclosure: J. Li: None.
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Improving diabetic retinopathy screening using deep learning
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Background and aims: The Scottish Diabetic Retinopathy Screening
programme uses manual scoring of fundus images to grade retinas on
an ordinal scale from 0 to 4 and maculas on a scale from 0 to 2. The
current protocol is to rescreen every 12 months, except those with R2 or
M1 findings who are rescreened at 6 months. A previous study has shown
that by using clinical covariates including past retinal scores it is possible
to stratify patients by their risk of referable disease and thus to reduce the
workload of the programme while maximizing the early detection of
referable disease. The manual grading does not capture all useful infor-
mation from these images relevant to a risk model for diabetic retinopa-
thy. Deep learning, a class of machine learning algorithms based on

neural networks, has produced state-of-the-art performance in learning
to extract features from and classify images. The objective of this study
was to establish whether using deep learning on the retinal images can
improve the prediction of referable retinopathy at future examinations
beyond that obtained with clinical data and manual scores alone.
Materials and methods: We used 30,604 manually graded retinal im-
ages from 3,290 people in the Scottish Type 1 Diabetes Biorecource
linked to clinical data for the years 2007 to 2016. We used data from
the Kaggle 2015 Diabetic Retinopathy Detection Competition to train
an Inception-V4 convolutional neural network (CNN) to predict the man-
ual grading of diabetic retinopathy. The 384 features derived from this
CNN were calculated on the images obtained on the Scottish cohort. A
generalised linear model (with complementary log-log link) was used to
model the time to referable retinopathy. A model including only clinical
covariates and manual scores was compared with models that included
these variables plus the deep learning features. Two alternative ap-
proaches to limiting the effective number of deep learning variables were
compared: forward-selection, and a Bayesian approach that used a
“horseshoe” prior to learn the distribution of effect sizes. Predictive per-
formance was evaluated on a test dataset not used to learn the model.
Results: The model with only clinical covariates and manual scores
achieved an AUROC of 0.81 for prediction of referable retinopathy at
the next examination. With deep learning features added by forward
selection, the AUROC was improved to 0.88 (gain in test log-likelihood
153.5 natural log units). With deep learning features included with a
horseshoe prior on the distribution of effect sizes, the AUROC was im-
proved further to 0.91 (gain in test log-likelihood 256.1 nat log units
compared with baseline model).

Conclusion: These results show that there is predictive information in the
fundus images beyond the manual grading, and that this information can
be extracted using deep learning. In principle this can be used in screening
programmes to personalize screening schedules so as to reduce the time
for which patients referable disease remain undiagnosed while also re-
ducing the overall workload of the programme.

Supported by: DUK
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Association between diabetic retinopathy and Parkinson’s disease:
the Korean national health insurance service database
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Background and aims: Studies have shown an association between
diabetes and Parkinson’s disease (PD). The retina is a part of the central
nervous system (CNS); it was proposed that diabetic retinopathy (DR)
and PD share common pathophysiology of dopamine deficiency.
However, no epidemiologic studies have investigated the relationship
between these two diseases. The aim of this study was to evaluate the
association between DR and incident PD using a population-based
database.

Materials and methods: 14,912,368 participants who underwent regular
health check-up from 2005 to 2008 in Korean National Health Insurance
Service database were included. Subjects were classified into non-
diabetes (non-DM), DM without DR, and DM with DR groups at base-
line. These patients were followed-up until the date of the incident PD,
death, or December 31, 2013. Cox proportional hazards regression anal-
ysis was used to evaluate the association between DR and incident PD.
Results: During the period, 34,834 subjects were newly diagnosed with
PD. The incidence of PD was 2.74, 8.39 and 15.51 per 10,000 person-
years for the non-DM, DM without and with DR groups, respectively. In
multivariate Cox proportional hazard models, DR groups were associated
with significantly higher risk of PD than non-DM or DM without DR
groups even after adjusting for age, gender, fasting plasma glucose level,
insulin usage, and other possible risk factors.
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Conclusion: Concurrent DR was associated with an increased risk of
incident PD. Future studies are necessary to ascertain whether increased
risk of PD in DR is due to a long-lasting poor glycemic control in subjects
with DR, or a dopamine deficiency in the CNS.
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Background and aims: Type 2 diabetic patients have a significantly
higher risk of developing neurodegenerative diseases and, in particular,
Alzheimer’s disease than non-diabetic subjects. In addition, current evi-
dence suggests that retinal neurodegeneration is an early event in the
pathogenesis of diabetic retinopathy. Since the retina is ontogenically
brain-derived tissue it could be postulated that in patients developing
neurodegeneration in the brain there is a co-occurring neurodegenerative
process in the retina. The main goal of the present study was to examine
whether in the diabetic human retina there are common proteins and
pathways shared with brain neurodegenerative diseases.

Materials and methods: A proteomic analysis was performed on three
groups of postmortem retinas matched by age: non-diabetic control ret-
inas (n = 5), diabetic retinas without glial activation (n = 5) and diabetic
retinas with glial activation (n = 5). Retinal lysates from each group were
pooled and run on an SDS-PAGE gel. Bands were analyzed sequentially
by LC/MS using an Orbitrap Mass Spectrometer. Pathway enrichment
analysis was performed using Ingenuity Pathway Analysis (IPA) bioin-
formatics platform. To identify the unique pathways related to neurode-
generative processes of each group, the Ontology and Function algorithm
within IPA was used to restrict the enriched pathway dataset to those to
“Neurotransmitters and Other Nervous System Signaling”.

Results: A total of 2190 proteins were identified across all groups.
Pathway analysis to “Neurotransmitters and Other Nervous System
Signaling” revealed that 35 pathways are specifically represented in a
single group (non-diabetic donors, diabetic donors without GA and dia-
betic donors with GA). The most relevant of these pathways were the
following: “Neuroprotective Role of THOP1 in Alzheimer’s Disease”
and “Unfolded protein response” pathways were uniquely enriched in
control retinas. By contrast, “Dopamine degradation” and “Parkinson’s
signaling” were enriched only in diabetic retinas with glial activation. The
“Neuroregulin signaling”, “Synaptic long term potentiation”, and
“Amyloid processing” pathways were enriched in diabetic retinas with
no glial activation.

Conclusion: Proteomic analysis of diabetic retinas in early stages of
diabetic retinopathy reveals mediators of neurodegenerative diseases such
as Alzheimer’s disease and Parkinson’s disease. Our findings not only
open up new therapeutic strategies against diabetes-induced retinal neu-
rodegeneration but could be useful to further understand the neurodegen-
erative processes that occur in the brain of persons with diabetes.
Disclosure: O. Simo-Servat: None.
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Trajectories of estimated GFR in patients with and without
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ML.E. Jnrgensen"z, D. Vistisen!, G.S. Andersen', A. Hulman>*, F.
Persson', P. Rossingl’5 ;

'Steno Diabetes Center Copenhagen, Gentofte, “National Institute of
Public Health, Southern Denmark University, Copenhagen, 3 Aarhus
University, Aarhus, “Danish Diabetes Academy, Odense, *Copenhagen
University, Copenhagen, Denmark.

Background and aims: It is a common assumption that in patients with
diabetes, a decline in kidney function is preceded by albuminuria.
However, around one third of patients with an estimated GFR (eGFR)
below 60 mL/min/1.73 m> have normoalbuminuria. The aim of this study
was to assess the difference in the development over time in kidney
function for patients with and without albuminuria from their first record-
ing of a low eGFR.

Materials and methods: 930 patients with type 1 diabetes and 1,974
with type 2 diabetes treated in an outpatient clinic in Denmark during
the period 2001-2017 were followed from their first recorded low eGFR
(<60 mL/min/1.73 m?) and onwards. Median (interquartile range) follow-
up time was 4.2 years (1.5-7.6). Each patient had at least two clinical
measurements with a median (interquartile range) of 7 (4—13) measure-
ments per patient. A total of 28,288 clinical measurements were used in
the analysis. GFR was estimated using the CKD-EPI formula.
Albuminuria status was classified as normal (urinary albumin creatinine
ratio <30 mg/g), micro (30-299 mg/g) or macro (>300 mg/g). Trajectories
of eGFR development following the first recorded low eGFR over time
were estimated by mixed-effects models adjusting for sex, age at diabetes
diagnosis, diabetes duration, calendar time and use of renin-angiotensin
system (RAS) blockers. Interactions between time and albuminuria status
and time and use of RAS blockers were included and tested. Albuminuria
status and RAS blockade were included as time-varying covariates and
eGFR was log-transformed prior to analysis. The analysis was stratified
by diabetes type.

Results: Trajectories of e€GFR development were overall similar in type 1
and type 2 diabetes (Figure 1). Albuminuria status significantly modified
the development in eGFR (P < 0.001), with the steepest decline in kidney
function among patients with macroalbuminuria: in patients with no RAS
blockade, the annual decline was 7.0% and 6.7% in type 1 and type 2
patients respectively. RAS blockade had little effect on the trajectories.
Both type 1 and type 2 diabetes patients with normoalbuminuria and who
were not in RAS blockade had an estimated annual decline in eGFR of
4.2% from the adjusted model. For patients with a first recorded low
eGFR of 59 mL/min/1.73 m? this amounted to a decline of 20 mL/min/
1.73 m? over a 10-year period. In comparison, the average 10-year de-
cline in eGFR in the background population age 40+ and without diabetes
is around 10 mL/min/1.73 m*.

Conclusion: Patients with type 1 or type 2 diabetes with an estimated
GFR below 60 mL/min/1.73 m? are on average on a declining trajectory
of kidney function that is increased by the presence of albuminuria.
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Figure 1 Estimated eGFR trajectories by diabetes type for patients with no RAS blockade and with a first recorded low
eGFR of 59 mL/min/1.73/m>. Time 0 is the first clinical visit with a recorded low eGFR. Curves are shown for patients
with a (light blue) (dark blue) and (red)
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Chronic kidney disease and risk of mortality, cardiovascular events
and severe hypoglycaemia in type 2 diabetes: DEVOTE results
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Background and aims: Type 2 diabetes (T2D) is associated with an
increased risk of cardiovascular disease (CVD) and chronic kidney dis-
ease (CKD). CKD is a known risk factor for major adverse cardiovascular
events (MACE), all-cause mortality and hypoglycaemia. This secondary,
pooled analysis from DEVOTE examined whether baseline CKD stages
were associated with an increased risk of MACE, all-cause mortality or
severe hypoglycaemia in patients with T2D.

Materials and methods: DEVOTE was a treat-to-target, randomised,
double-blind trial in 7637 patients with T2D at high cardiovascular
(CV) risk, treated once daily with insulin degludec or insulin glargine
100 units/mL. Based on eGFR levels (mL/min/1.73 mz), patients were
divided into four CKD groups: normal + CKD stage 1 (n = 1486), CKD
stage 2 (n =3118), CKD stage 3 (n =2704) and CKD stage 4 +5 (n =
214). Severe hypoglycaemia was defined as an episode requiring the
assistance of another person to actively administer carbohydrate or glu-
cagon, or to take other corrective actions.

Results: According to baseline CKD stages (CKD stages 2—-5), more
patients had a history of CVD (CKD stages 3—5), were older and had
lower HbA | versus those with normal kidney function (normal + CKD
stage 1). The risk of MACE and all-cause mortality was significantly
higher (p <0.05) in those with a higher baseline CKD stage (Figure).
There was a significantly higher rate of severe hypoglycaemia for CKD
stages 3 and 4 + 5 versus CKD stage 2 or normal + stage 1. There were no
significant interactions between treatment and CKD stages. Comparisons
between treatment groups by CKD stage mirrored those from the primary
analyses.

Conclusion: Increasing severity of baseline CKD stages was associated
with a higher risk of MACE, all-cause mortality and rates of severe
hypoglycaemia in patients with T2D at high CV risk.

Figure. Comparisons of effect of baseline CKD stages and basal insulin
treatment (degludec vs glargine U100) on time to first MACE, all-cause
mortality and severe hypoglycaemia in patients with T2D at high CV risk.
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*Rate ratios only apply to the endpoint of severe hypoglycaemia, hazard ratios apply to
the endpoints MACE and all-cause mortality. All endpoints reported here were externally
adjudicated by the Event Adjudication Committee and pre-specified. The MACE endpoint
was composed of cardiovascular mortality, non-fatal myocardial infarction, or non-fatal
stroke. Cl, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; eGFR,
estimated glomerular filtration rate; glargine U100, insulin glargine 100 units/mL; MACE,
major adverse cardiovascular event; T2D, type 2 diabetes.
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