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1 - Adenosine deaminase and adenosine monophosphate deaminase 2 delays onset of Type 1
diabetes in mice
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Introduction: Type 1 diabetes (T1D) is characterized by the destruction of pancreatic B-cells,
leading to insulin deficiency. Increased intracellular levels of adenosine have been implicated in
promoting B-cell death. Adenosine deaminase (ADA) catalyzes the conversion of adenosine to
inosine, while adenosine monophosphate deaminase 2 (AMPD2) converts adenosine monophosphate
(AMP) into inosine monophosphate; notably, AMP can be converted into adenosine. A previous
study using single-cell RNA sequencing demonstrated that ADA and AMPD?2 are downregulated in
B-cells from T1D patients. Therefore, upregulation of ADA and AMPD2 may reduce intracellular
adenosine levels and -cell death.

Methods: miRNA target site blockers (TSB) were used to enhance the expression of ADA and
AMPD2. CD-1 mice were administered streptozotocin (40 mg/kg body weight) over five
consecutive days. Mice received two doses of TSB administered before and after streptozotocin
treatment. Serum insulin and glucagon levels were measured using ELISA. Experimental groups
included control mice (treated with a scrambled miRNA TSB), mice treated with ADA alone, and
mice treated with a combination of ADA and AMPD?2.

Results: Treatment with ADA and AMPD2 delayed the onset of T1D, defined as blood glucose
levels exceeding 11.2 mmol/L. A statistically significant increase in serum insulin levels was
observed in both the ADA-treated group and the ADA+AMPD?2 group compared to the control
group. However, no significant differences in serum glucagon levels were detected.

Conclusions: Upregulation of ADA and AMPD2 delays the onset of Type 1 diabetes in a
streptozotocin-induced CD-1 mouse model, potentially through reduction of intracellular adenosine
and preservation of B-cell function



2 - Anti-CD3 monoclonal antibody modulates gamma-aminobutyric acid (GABA)ergic activity
in T cells from healthy and type 1 diabetes individuals

Zhe Jin'
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Introduction: Glutamic acid decarboxylase (GAD) catalyzes the synthesis of gamma-aminobutyric
acid (GABA) and is typically found in neurons and pancreatic beta cells. GAD exists as two
isoforms, GAD65 and GAD67. The GADG65 isoform is a major autoantigen in type 1 diabetes
(T1D), while GABA acts as an immunomodulatory molecule regulating T cell functions. This study
investigated whether human peripheral blood mononuclear cells (PBMCs) and T cells stimulated by
anti-CD3 antibody express GAD isoforms, produce, and release endogenous GABA.

Methods: PBMCs and T cells were isolated from blood of healthy and T1D donors sourced from
Uppsala University Hospital. Isolated cells were cultured and activated in vitro with anti-CD3
antibody or teplizumab for up to 72 hours, and analyzed using quantitative PCR, immunoblot,
immunostaining, ELISA, and patch-clamp recording.

Results: Quantitative PCR revealed that anti-CD3 antibody time-dependently increased GAD67
mRNA expression, partially via NF-xB, in T cells from healthy donors. Immunoblot and
immunostaining confirmed GAD67 protein expression in activated T cells. Activated T cells
released GABA at sub-micromolar concentrations, which activated GABAA receptor-mediated
single-channel currents. GAD67 mRNA and protein expression, along with endogenous GABA
production, were also increased by anti-CD3 antibody or teplizumab stimulation in PBMCs or T
cells from T1D donors. Furthermore, the GABAA receptor-specific antagonists TPMPA or
picrotoxin potentiated IFNy release from teplizumab-stimulated PBMCs from T1D donors.
Conclusions: These results highlight a potential intrinsic GABA-mediated regulatory loop within T
cells, which could have important implications for understanding T cell immunity and inflammation
in diabetes.



3 - Characterization of glucose tolerance, islet cell function, and insulin sensitivity in patients
with Welander distal myopathy

Ake Sjoholm'

Zhanchun Li%, Joey Lau?, Sarah-Alivia Miand?®, Niklas Dahl, Per-Ola Carlsson?, Nils Welsh?

! Department of Internal Medicine, Division of Endocrinology and Diabetology, Givle Hospital and
University of Gévle, SE-80324 Givle, Sweden

? Department of Medical Cell Biology, Uppsala University, Box 571, SE-75123 Uppsala, Sweden

3 Department of Internal Medicine, Division of Endocrinology and Diabetology, Givle Hospital,
Sweden

* Science for Life Laboratory, Genetics and Pathology, Department of Immunology, Uppsala
University, SE-75185 Uppsala, Sweden

Introduction: Welander distal myopathy (WDM) is a dominantly inherited muscular dystrophy
caused by a mutation in the RNA-binding protein TIA1. Experimental studies in human B-cells
suggest that this mutation induces transdifferentiation toward a diabetogenic phenotype, increasing
a-cell formation at the expense of B-cells. These effects were prevented by treatment with a GLP-1
receptor (GLP-1R) agonist. Based on these findings, we hypothesized that WDM patients carrying
the TIA1 mutation would exhibit impaired B-cell function and hyperglycemia, potentially treatable
with GLP-1R agonists.

Methods: Adults with WDM and their mutation-negative relatives were invited to participate. After
fasting, participants underwent a 2-hour oral glucose tolerance test (OGTT). Blood samples were
collected at seven time points to measure HbA 1c, glucose, C-peptide, insulin, proinsulin, and
glucagon.

Results: Ninety-six individuals were enrolled; after excluding those with known diabetes, 87
remained. Surrogate indices of - and a-cell function and insulin sensitivity were calculated. No
significant differences were observed between all WDM and non-WDM participants overall.
However, subgroup analysis revealed that a subset of WDM patients exhibited elevated fasting
glucagon levels (WDM-High) compared with WDM-Low and non-WDM groups. Despite this,
glucose, C-peptide, insulin, and HbA1c levels—both fasting and post-OGTT—were similar across
groups. Notably, the WDM-High subgroup showed increased proinsulin levels and higher
proinsulin-to-insulin ratios.

Conclusions: The TIA1 mutation in WDM does not appear to impair overall glucose tolerance.
However, a subgroup demonstrates hypersecretion of glucagon and proinsulin, indicating possible -
cell dysfunction and partial transdifferentiation toward a-cells. This defect may be masked by altered
muscle mass in WDM patients, preserving insulin sensitivity and preventing overt glucose
intolerance.
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5 - Cord Blood Iron Status has Age-specific Role in Future Type 1 Diabetes Diagnosis
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Introduction: Iron is known to have a direct role in diabetes pathogenesis mediated both by beta
cell failure and insulin resistance. Although, the underlying molecular mechanisms mediating these
effects are not fully understood, they include oxidant stress and signal transduction pathways. We
investigated the association of cord blood iron status with future risk of type 1 diabetes.

Methods: Participants were included from the All Babies in Southeast Sweden (ABIS) birth cohort
with 17055 registered children and followed prospectively until 2023. Cord blood ferritin and
soluble transferrin receptor (sTfR) were measured in a nested case—control sample (83 with future
T1D diagnosis, and 296 controls) for the study. Cox proportional hazard model was used to calculate
the adjusted hazard ratios (aHR) for T1D.

Results: Neither cord blood ferritin had any association with T1D risk (aHR 1.001; 95% CI 0.999—
1.002), nor did sTfR (aHR 0.907; 95% CI 0.773—1.065). The ratio of the two, TfR-F index, also did
not show any significant association (aHR 0.883; 95% CI 0.671-1.161). However, landmark
analysis revealed a significant protective association of sTfR (aHR 0.567; 95% CI 0.375-0.858)
and the TfR-F (aHR 0.461; 95% CI 0.219-0.97) index during ages 5—10 years, suggesting a
potential age-specific effect.

Conclusions: sTfR and the TfR-F index have a putative age-specific effect on future type 1 diabetes
diagnosis.
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Introduction: Type 1 diabetes (T1D) can develop through various pathways of autoimmunity,
differing by the first emerging islet autoantibody (IAb) and sequential spreading of autoimmunity to
multiple [Ab. Frequent measurement of [Ab during early life is pertinent for grasping the initiating
IAD signature.

Methods: We investigated IAb patterns among HLA-susceptible children followed since birth in the
Finnish DIPP study according to the renewed DIPP Novum protocol between 2019-2025 by
frequent measurement of IAA, GADA, IA-2A and ZnT8A (n=2,460) in relation to age, sex, and
familial history of T1D.

Results: By median follow-up of 3.0 years, 59 (2.4%) children developed positivity for a single IAb,
77 (3.1%) for multiple IAb, and 46 (1.9%) progressed to T1D. Multipositive children mostly
initiated with multiple IAb (n=37), followed by IAA (n=21), GADA (n=15), [A-2A (n=2) and
ZnT8A (n=2). Among multipositive progressors (n=35), initiation with multipositivity reflected
shorter time from seroconversion to diagnosis and younger age at diagnosis than initiation with a
single IAb (1.2 vs. 2.1, and 2.4 vs. 3.3 years, respectively). Children with a diagnosed first-degree
relative progressed more often than children without one (12/24, 50.0% vs. 25/112, 22.3%), and
multipositive boys initiating with IAA only progressed more often than girls (10/17, 58.8% vs. 1/4,
25.0%).

Conclusions: Multiple [Ab at seroconversion, having an affected first-degree relative, and male sex
combined with initiation with IAA only contribute to higher risk of progression among young
Finnish children. Our results emphasize the importance of frequent and early screening of IAb for
estimating T1D risk accurately.



7 - Effect of impaired glycogenolysis and glycogen excess on exercise-mediated glucose
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Introduction: Since exercise improves glycemic control by restoring glucose metabolism in insulin-
resistant (IR) skeletal muscles, identifying regulators of exercise-stimulated glucose utilization is
critical for effective type2 diabetes (T2D) treatment. Muscle glycogen phosphorylase (PYGM) is a
key exercise-responsive enzyme regulating glycogen breakdown. While prior studies have linked
muscle glycogen content to glucose uptake, the specific contribution of PY GM-mediated
glycogenolysis remains unclear. This study aims to elucidate the distinct roles of impaired
glycogenolysis and glycogen excess in regulating muscle glucose metabolism during exercise.
Methods: We generated PYGM S15A knock-in (S15A) mice by selective targeting of
phosphorylation-mediated activation of PYGM, resulting in 6-fold higher muscle glycogen. To
normalize glycogen levels while harboring blunted glycogenolysis, S15A mice were crossed with a
muscle-specific/tamoxifen (TMX) inducible glycogen synthase knock-out mouse (GYS1%-
HSACre), generating S15AxGYS1"-HSACre mice. Treadmill running exercise was employed to
assess exercise-induced glycogen utilization. Exercise-mediated in vivo U-">C-glucose oxidation was
evaluated using an isotope gas analyzer.

Results: S15A muscles exhibited increased glycogen particle number, size, and content. 6-12weeks
TMX treatment normalized muscle glycogen levels to near WT levels in the S1SAxGYS17-
HSACre mice. Exercise-mediated glycogen degradation was impaired in both mouse models, despite
preserved exercise performance, suggesting that phosphodeficiency at PYGM Ser15 rather than
aberrant glycogen amount is instrumental in blunting exercise-induced glycogen utilization.
Exercise-stimulated in vivo *C glucose oxidation in the S15A mice was comparable to WT mice.
Conclusions: PYGM-mediated glycogenolysis, and not muscle glycogen content, is the limiting
factor for exercise-induced glycogen utilization. Our unique mouse models provide a platform to
investigate the contribution of impaired glycogenolysis to exercise-mediated glucose metabolic
defects in the development of skeletal muscle IR.
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Introduction: Dorzagliatin, a dual-acting glucokinase activator, enhanced B-cell function after a
single dose in people with diabetes. The effect of repeated dorzagliatin administration on - cell and
incretin function in type 2 diabetes (T2D) and intermediate hypeglycemia (IH) remains unknown.
Methods: In this single-centre, open-label mechanistic study, 13 T2D (mean+SD age 53.5+4.8,
HbA1¢7.14£0.6%, diabetes duration 3.642.4 years) and 7 IH participants underwent 270-minute
hyperglycaemic clamp-OGTT before and after 4 weeks of dorzagliatin treatment (T2D: 50mg bd or
IH:25mg bd respectively). Dorzagliatin was omitted on the morning of the clamp-OGTT. Insulin
secretion rates (ISR) were estimated based on C-peptide deconvolution. The incretin effect was
calculated as the difference in postprandial (100-270 minute) and pre-prandial (60-90 minute) C-
peptide response.

Results: On-treatment blood glucose was lower during dorzagliatin treatment in both subject groups.
Steady-state clamp-OGTT blood glucose was well matched between baseline and end-of-treatment
visits. Basal ISR (ISRb) was similar pre and post treatment in I[H (363+160 vs 390+£136
pmol/min/m?) and T2D (2974123 vs 328+135 pmol/min/m?) groups. In IH, incremental second
phase insulin secretion (ISR2inc) was numerically lower pre and post treatment (459+239 vs. 361+
190 pmol/min/m?) but similar in T2D group (272+249 vs 2454+196 pmol/min/m?). B-cell glucose
sensitivity and clamp-derived incretin effects were greater in IH than in T2D, but did not change pre
and post dorzagliatin treatment.

Conclusions: In this interim analysis, chronic dorzagliatin treatment preserved B-cell secretory
function under controlled hyperglycaemic conditions but did not consistently augment dynamic
insulin secretion or clamp-derived incretin responses. Further data and integrated analyses
combining with incretin hormones are needed to confirm these preliminary findings.

11



9 - Electrical activity and Ca2+ dependent plasticity in human pancreatic p-cells
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Introduction: Electrical activity of pancreatic B-cells results in Ca?*-influx that triggers efficient,
pulsatile exocytosis and insulin release during hyperglycemia. Exocytosis is well-synchronized to
the moment and location of Ca*" entry, and triggers exocytosis from a pool of release-ready insulin
granules situated at the plasma membrane. The size of this pool is also regulated by Ca**, in addition
to the effects of cAMP or diacylglycerol signaling. This potentiation of exocytosis by subthreshold
Ca*" is mediated by the Ca’"-dependent priming protein Munc13 and involves distinct priming and
rapid facilitation components.

Methods: To understand the physiological relevance of these Ca**-dependent effects, we imaged
electrical activity and single granule release events in B-cells. Later, we used capacitance recording
in human B-cells to measure exocytosis facilitation, simulating the native electrical activity of -
cells.

Results: Elevated glucose elicited bursting electrical activity, and exocytosis occurred during these
bursts, which were well-synchronized with individual action potentials. Neither priming nor
facilitation was stimulated by imposed trains of short membrane depolarizations that simulated
action potentials (26ms, 0mV at 0.33-10 Hz), and there were no changes in the release kinetics of
individual exocytosis events. In contrast, frequency-dependent facilitation was observed in INS1
cells that overexpressed Munc13-1. We observed that human B-cells tend to facilitate exocytosis
during trains of long depolarizations (200ms, 2.5Hz), which was further enhanced by increased
intracellular Ca2+ concentrations (250 and 400 nm).

Conclusions: We conclude that electrical activity at moderate stimulation frequencies is insufficient
to induce secretory plasticity in human B-cells. We hypothesized that Ca2+-dependent facilitation is
involved in paracrine signaling, where intracellular Ca2+ is elevated by release from the
endoplasmic reticulum.
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Introduction: After the onset of the Covid-19 pandemic, several case reports appeared describing
new-onset diabetes, both type 1- and type 2-like, in close connection with the SARS-CoV-2
infection. It is, however, virtually impossible to rule out that these persons would have acquired their
diabetes anyway and that it just coincided with the SARS-CoV-2 infection, i.e., the virus would not
be a causative agent but rather an innocent bystander.

There are also anecdotal reports in the literature of cases in which diabetes developed after
vaccination against Covid-19.

Methods: We report a case of new-onset, non-autoimmune, non-ketotic and non-insulinopenic type
2-like diabetes in a previously normoglycemic middle-aged man debuting after vaccination against
Covid-19.

Results: This was not a mild or short-lived glucose intolerance, but severe and long-standing
hyperglycemia with a high glycated hemoglobin (HbA ) level. However, the course of the diabetes
was highly atypical and surprising in that it spontaneously disappeared after a few months and did
not recur despite the patient being off all antidiabetic drugs for several months.

The mechanisms by which severe diabetes unfolded and later remitted in this patient remain elusive.
Nonetheless, and notwithstanding whether or not there was a cause-effect relation between the
vaccinations and his diabetes, the highly atypical course of spontaneously remitting non-
autoimmune diabetes lends itself to mechanistic efforts aimed at understanding the biology and
pathophysiology of insulin-producing B-cells in health and disease.

Conclusions: This case report should not be construed as vaccine skepticism or deter anyone from
vaccination against Covid-19. However, it calls for increased vigilance for unusual and unexpected
metabolic effects of Covid-19 and its vaccines.
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11 - Epigenetic Impact of GLP-1 Receptor Agonists on Pancreatic p-Cells
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Introduction: Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are widely used in type 2
diabetes (T2D). However, the epigenetic impact of GLP-1RAs, particularly on DNA methylation in
B-cells, remains poorly defined. DNA methylation is a key regulator of B-cell function and stress
adaptation in T2D, yet whether pharmacological treatments modulate these epigenetic states is
largely unknown. Drug-induced methylation changes may contribute to treatment durability and
inter-individual variability.

Methods: To investigate GLP-1RA-associated methylation in B-cells, we employed an integrative
multi-omics approach. EndoC-BH1 cells were treated with GLP-1RA across multiple time points.
DNA methylation was profiled using the Infinium MethylationEPIC v2.0 array, with matched
transcriptomic analysis by RNA sequencing. Spatial protein—protein interactions related to
methylation processes were assessed using in situ proximity ligation assays, enabling
characterization of the spatiotemporal dynamics of GLP-1RA-induced epigenetic remodeling.
Results: In EndoC cells, 475 DNA methylation sites exhibit alterations after 24h Liraglutide
treatment, with 98 sites located within 1500 base pairs upstream of the transcription start site (TSS).
Liraglutide treatment was associated with significant demethylation at the secretagogin (SCGN)
locus. SCGN is a calcium-binding protein that functions as a calcium sensor and plays a key role in
insulin granule trafficking and secretion. Spatial protein-protein interaction network analysis
revealed a previously unknown involvement of DNA methyltransferase 1-associated protein 1
(DMAP-1) in GLP-1R signaling. DMAPI1 interacted directly with ARRBI1 in cytoplasm and the
interaction was further confirmed by molecular dynamics simulation.

Conclusions: GLP-1RA treatment induces significant DNA methylation remodeling in human [3-
cells. These findings provide new insight into the molecular basis of GLP-1RA action and support
the role of epigenetic modulation in therapeutic response.
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Introduction: Type 1 diabetes (T1D) arises from genetic predisposition, where early-life biological
events may contribute to later disease development. We recently reported cord blood DNA
methylation differences between high- and low-risk HLA genotypes in individuals who later
developed T1D, suggesting that distinct molecular mechanisms may underlie disease development
across genetic risk groups. Here we examine whether these epigenetic alterations are functionally
linked to circulating protein pathways at birth.

Methods: We integrated cord blood DNA methylation (Illumina EPIC850K) with neonatal serum
proteomics (Olink Explore 384) from ABIS cohort T1D cases (N=32; HR/LR HLA-stratified) versus
controls (N=48). Differentially methylated genes and serum proteins were mapped onto high-
confidence STRING protein—protein interaction networks to identify epigenetic—proteomic crosstalk
across HLA risk groups.

Results: Network analysis revealed distinct epigenetic—proteomic architectures that may
preconfigure T1D susceptibility. HR versus LR carriers showed centralized, immune-dominated
networks linking cytokine signaling with DNA damage response and antigen-presentation pathways.
Compared with controls, HR infants displayed highly immune-centered networks enriched in HLA
class II interactions. In contrast, LR versus controls exhibited more distributed modules involving
chemokine signaling, inflammasome activation, cellular stress responses, and vesicle trafficking
associated with B-cell function and metabolic regulation.

Conclusions: Coordinated epigenetic—proteomic networks are evident at birth, long before islet
autoimmunity develops. Distinct architectures across HLA risk groups suggest genetic
predisposition shapes early immune signaling, offering a framework for neonatal T1D risk
stratification.
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Introduction: Several microRNAs are dysregulated in type 2 diabetes and play essential roles in
B-cell function. Our previous work showed that miR-152 affects insulin secretion, and miR-148a-3p
is the most abundant member of the miR-148/152 family in human islets. We therefore investigated
the role of miR-148a-3p in insulin secretion and glucose metabolism using ex vivo and in vivo
diabetes models.

Methods: MiR-148a-3p expression was measured in islets from Goto-Kakizaki (GK) rats (6, 11 and
13.5 weeks). LNA-mediated silencing (LNA-148-3p) was performed in islets from 7-week-old GK
rats to assess insulin secretion and content. In vivo studies were conducted in 11-week-old GK rats
and 13-16-week-old ON-DP mice treated with LNA-148-3p (20 mg/kg, s.c. on Days 2 and 7),
followed by ipGTT on Day 9.

Results: MiR-148a-3p was significantly upregulated in GK islets, with expression increasing with
age. LNA-148-3p achieved 56% knockdown ex vivo in GK islets, enhancing glucose-stimulated
insulin secretion 2-fold without affecting insulin content. /n vivo, LNA-148-3p reduced islet
miR-148a-3p expression by 28% in GK rats, with no effect on glucose tolerance. In ON-DP mice,
blood glucose was significantly reduced despite only 10% islet knockdown; this effect was
associated with substantial miR-148a-3p suppression in liver (98%), muscle (76%), and adipose
tissue (72%).

Conclusions: MiR-148a-3p expression increases with diabetes progression. Effective, islet-specific
silencing improves insulin secretion ex vivo. Limited in vivo islet targeting likely explains the
minimal metabolic effects, though improved delivery to the islets could make LNA-148-3p a
promising therapeutic strategy.
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Introduction: People with type 2 diabetes are at high risk for peripheral artery disease and
neuropathy, often leading to foot complications and lower-extremity amputation. While amputation
indicates advanced disease, its long-term effects on cardiovascular outcomes are not fully
understood. This study examined the association between lower-extremity amputation and
subsequent cardiovascular events and mortality in a nationwide Swedish cohort.

Methods: We conducted a retrospective, population-based cohort study using the Swedish National
Diabetes Register linked with the National Patient Register and Cause of Death Register. Individuals
with type 2 diabetes who underwent major and minor lower-extremity amputation between 2006 and
2019 were identified and matched to four controls without prior amputation by age, sex and calendar
time. Cox Proportional hazards models were used to estimate adjusted hazard ratio (aHRs),
accounting for relevant clinical risk factors

Results: The study included 3,485 individuals with amputation and 13,940 matched controls.
Lower-extremity amputation was associated with markedly higher risks of all-cause mortality (aHR
2.46,95% CI 2.31-2.61), cardiovascular mortality (2.43, 2.18-2.71), heart failure (2.13, 1.92-2.36),
myocardial infarction (1.79, 1.55-2.08), and stroke (1.52, 1.31-1.76). The risk of all-cause death was
more than threefold higher during the first year post-amputation and remained approximately 50%
higher after five years.

Conclusions: Lower-extremity amputation in type 2 diabetes carries a substantially increased risk of
cardiovascular events and mortality. These findings highlight the critical importance of proactive
cardiovascular risk management both before and after amputation.
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15 - Exercise timing and circadian regulation of metabolism in type 2 diabetes

Harriet Wallberg

Introduction: The circadian system regulates daily rhythms in metabolism, substrate utilization, and
hormone secretion through coordinated molecular clock networks. In type 2 diabetes, disrupted
clock gene oscillations—particularly in skeletal muscle—contribute to impaired metabolic flexibility
and glucose dysregulation. Insulin resistance, mitochondrial dysfunction, lipid accumulation, and
chronic low-grade inflammation further exacerbate this circadian misalignment.

Exercise is a potent zeitgeber capable of modulating peripheral clocks and restoring metabolic
rhythmicity. While its benefits are well established, the role of exercise timing has only recently
gained attention. Emerging evidence shows that, in individuals with type 2 diabetes, afternoon and
evening exercise elicit greater improvements in glycemic control, insulin sensitivity, and
postprandial glucose responses than morning exercise. These effects likely reflect diurnal variation
in muscle metabolism, hormonal environment, and clock-related signaling pathways, with additional
modulation by exercise intensity and feeding—fasting state.

Aligning exercise timing with endogenous circadian rhythms may therefore offer a practical strategy
to improve metabolic health. However, variability in chronotype and lifestyle suggests that
personalized timing approaches may be necessary. This presentation will highlight key mechanisms
and discuss the translational potential of circadian-informed exercise interventions for type 2
diabetes.
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Introduction: Identifying clinical predictors for outcomes after bariatric surgery remain a challenge.
The aim of the study was to examine which pre-operative clinical features were associated with
favourable long-term outcomes after bariatric surgery in individuals with obesity and type 2 diabetes
(T2DM), applying machine learning methods to national registry data.

Methods: Individuals with obesity and T2DM that underwent Roux-en-Y gastric bypass or sleeve
gastrectomy were identified by cross-matching the Swedish National Diabetes Registry and the
Scandinavian Obesity Surgery Registry (n=8399). The primary outcome was a favourable composite
weight loss outcome (=20%) at five years post-surgery and no recorded adverse events during the
same period. An extreme gradient boosting model was developed using standard procedures for
internal validation and performance assessment. SHAP values and plots were used to assess and
visualise feature importance. Separate models were also created for optimal weight loss at five years,
malabsorption and micronutrient deficiency, depression and anxiety, and alcohol and other drug use
disorder.

Results: For the primary composite model, 5253 individuals with weight-loss data approximately
five years after surgery were included in the analyses. The primary composite model showed modest
discriminative ability, with a ROC AUC of 0.65 [95% CI 0.61-0.68]. The domain-specific models,
except for optimal weight loss, performed better. Across models, the most consistent predictors
comprised four domains: psychiatric comorbidities, metabolic and renal markers, somatic symptom
burden, and sociodemographic factors.

Conclusions: Predicting multidimensional outcomes is difficult; however, individuals with obesity
and T2DM and a more complex psychosomatic and metabolic profile before surgery may need more
structured, long-term follow-up and comprehensive multidisciplinary support.
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Introduction: Dysregulated metabolism in type 2 diabetes is underlined by disrupted interorgan
signalling. Extracellular vesicles (EV) facilitate intercellular communication through their protein
and lipid cargo. However, the lipid composition of EV and its functional implications in type 2
diabetes are incompletely understood. This study aims to characterize the lipid species alterations in
EV from individuals with vs. without type 2 diabetes and investigate how these lipid changes
influence metabolism in target tissues.

Methods: Serum was collected from diet-controlled age and BMI-matched men and women with or
without type 2 diabetes (n=46 total, n=11-12 per group). EVs were isolated from serum using size-
exclusion chromatography and the EV sphingolipidome was profiled using liquid-chromatography
with tandem mass spectrometry. The function of lipid targets was validated in-vifro by measuring
glucose metabolism in human and mouse adipocytes.

Results: There were distinct clusters indicating the EV sphingolipidome was altered in both men
and women with vs. without type 2 diabetes. There was a reduction in glycosylated sphingolipids,
hexosylceramides and lactosylceramides, and an increase of deoxydihydroceramides in EV from
individuals with vs. without type 2 diabetes. To assess function, HexCer(d18:1/16:0) treatment
lowered basal glucose uptake (23+£17%, p=0.04) in both mouse and human adipocytes. These
findings were recapitulated when cells were treated with liposomal formulations mimicking the
incorporation in EV (21£13%, p=0.04).

Conclusions: These findings demonstrate that glycosylated sphingolipids were lower in serum EVs
from individuals with vs. without type 2 diabetes and modulated glucose metabolism in adipocytes.
This study reveals a novel role for EV-associated lipids in glucose metabolism and suggest that such
lipid species constitute functional components of intertissue communication.
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Introduction: Women with type-2 diabetes (T2D) have increased risk of pregnancy complications,
low rates of pregestational counselling (PGC) and delayed antenatal care. Insights into perceptions
and experiences of family planning and pregnancy are limited, especially among women with
immigrant backgrounds.

Objective: To explore experiences related to family planning and pregnancy in women with T2D.
Methods: Semi-structured interviews were conducted at a diabetes outpatient clinic. Data was
analyzed using thematic analysis.

Results: 26 women with T2D (28-46 years), with varying ethnicity, parity, BMI and proficiency in
Norwegian, were contacted and invited to participate in the study, of whom 14 accepted.

I Generally: Participants felt a sense of stigma, and emphasized a healthy lifestyle, distancing from
the notion of “deserving” T2D. Partners were relaxed regarding T2D.

II PGC and fertility: Few reported being informed to plan pregnancies; prescribing contraceptives
was not linked to such consultations. No information regarding T2D and pregnancy complications

was recalled. Pregestational HbA 1c was rarely measured.

III Pregnancy: They were satisfied with antenatal follow-up, and secure planning for pregnancies.
The focus on blood glucose diverted attention from other care and made follow-up feel less
personalized. They wished for partners to be more included. Having T2D did not influence planning
more children.

IV Postpartum: they reported little follow-up for T2D and challenges with weight reduction.
Conclusions: The women experienced challenges regarding family planning and pregnancy,
indicating a need for improved information and follow-up. There was considerable individual
variation in experiences, underscoring the importance of empathetic communication and tailored
information throughout the reproductive stages.
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Introduction: Accumulating evidence indicates substantial heterogeneity in post-onset insulin
secretion decline in newly diagnosed type 1 diabetes (T1D). We previously showed in the First 100
INNODIA cohort that gene expression changes between diagnosis and 12 months were associated
with decline in C-peptide at 24 months. We aimed to validate these findings in an independent
INNODIA follow-up cohort and to characterise transcriptomic changes during the first year after
diagnosis in the combined INNODIA dataset.

Methods: We analysed whole-blood transcriptomes collected at diagnosis and at 1-year follow-up
from 168 individuals with newly diagnosed T1D in the INNODIA follow-up cohort, and integrated
these data with the previously analysed First 100 cohort. Longitudinal differential expression
analyses and associations with disease progression, assessed by the slope of the fasting C-
peptide/glucose ratio over time, were performed using adjusted linear mixed-effects and survival
models.

Results: The observed gene expression changes showed consistent directional patterns across both
cohorts, with six genes also reaching statistical significance in the follow-up cohort (p<0.05). In the
combined analysis of 456 samples, longitudinal transcriptomic changes between baseline and 1 year
were observed. More rapid disease progression was associated with younger age and lower relative
neutrophil abundance at 1 year. In addition, changes in the expression of several genes were
associated with the rate of disease progression.
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Conclusions: These findings validate progression-associated transcriptomic changes in an
independent INNODIA cohort and support heterogeneity in early post-diagnosis T1D. Whole-blood
gene expression changes during the first year after diagnosis may help identify molecular signatures
associated with progression and support patient stratification.
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Introduction: Skeletal muscle insulin resistance is central to type 2 diabetes (T2D), yet no approved
therapy directly targets muscle glucose uptake. Over the past decade, we mapped a non-canonical B2-
adrenergic receptor (B2AR) pathway in which GRK2, by acting as a scaffold independent of its
kinase activity, activates an mTORC2-centered signaling network, driving GLUT4 translocation
independently of insulin, PI3K/Akt, and cAMP.

Methods: By profiling upwards of 15 transducer pathways, we identified ATR-258, a GRK2-biased
B2AR partial agonist with 10-fold selectivity for GRK2 recruitment over Gas activation. Crucially,
ATR-258 promotes a f2AR/GRK?2 complex that does not phosphorylate the receptor C-terminus,
preventing B-arrestin recruitment and receptor internalization thereby avoiding the tachyphylaxis
that has limited chronic use of conventional B-agonists. Phosphoproteomics in murine muscle
bundles confirmed on-target activation of mTORC2, TBC1D1 phosphorylation, and AMPK
signaling bypassing insulin-resistant nodes entirely.

In diet-induced obese mice, oral ATR-258 improved body composition and glycemic control without
cardiac hypertrophy or myocardial pathology. Combined with empagliflozin, ATR-258 produced
greater improvements in glucose tolerance than either agent alone. Combined with liraglutide, it
enhanced fat loss while preserving lean mass thereby resulting in improved body composition.
Results: In ATTRACTIVE-1 (NCT05409924), once-daily oral ATR-258 was safe and well
tolerated in healthy volunteers and T2D patients. Early efficacy signals were observed: healthy
volunteers showed reductions in fasting plasma glucose, and T2D patients undergoing metformin
withdrawal demonstrated lower insulin levels during oral glucose tolerance, consistent with
improved insulin sensitivity.

Conclusions: These data establish GRK2-biased B2AR agonism as muscle-targeted approach that
couples metabolic and anabolic benefits while circumventing both the cardiovascular liabilities and
the desensitization associated with classical B-agonists.
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Introduction: Dog ownership is associated with higher levels of physical activity (PA) and
cardiovascular health benefits. However, dog owners newly diagnosed with type 2 diabetes have
also been shown to be less likely to achieve treatment goals, highlighting the complexity of dog
ownership as a possible health factor. The aim of this study was to explore dog ownership in relation
to health by mapping lifestyle habits and health among dog owners in Sweden.

Methods: A questionnaire was distributed to a simple random sample of 2,000 dog owners from the
mandatory dog register. To enable crude comparisons with the Swedish population, questions from
the national public health survey were used. The response rate was 32%. Results were adjusted for
age and gender.

Results: Preliminary results indicate higher PA levels among dog owners; 85% met
recommendations of 150 minutes of PA per week, versus 66% in the general population.
Additionally, only 15% reported more than 10 sedentary hours/day, compared to population levels of
25%. However, a slightly higher BMI was reported; 57% had a BMI over 25, versus 51% in the
general population. Self-reported diabetes prevalence was 5.3%, compared to 6.8% in the
population. Dog owners reported less problems with anxiety, stress and loneliness, and spent more
time in green spaces.

Conclusions: The findings support previous evidence of high PA levels and suggest mental health
advantages among dog owners. These effects may contribute to a reduced risk for development of
type 2 diabetes. Results should be interpreted with caution, as they have not been adjusted for
confounders such as socioeconomic status.
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Introduction: Human islets are extensively used to investigate endocrine cell physiology, study
diabetes, and, most importantly, to transplant to diabetic patients. After retrieving the pancreas from
the donor, the organ is maintained at 4 "C until islet isolation is initiated. This interval of time is the
period of cold ischemia. Here, we have investigated the impact of cold ischemia on beta-cell RNA
profile and islet function.

Methods: GeoMx DSP was used to investigate the RNA profile of beta-cells in biopsies of brain-
dead donors. In GeoMx DSP, the spatial profile of the whole transcriptome is done in populations of
cells identified by antibody staining. Isolated islets were cultured for a period of two weeks, and the
impact of cold ischemia was investigated using batch insulin secretion assays and quantitative RT-
PCR.

Results: RNA profiling of beta-cells from brain-dead donor biopsies showed that in short-cold
ischemia (<10 h), there is an enrichment of beta-cell identity genes, while pathways related to
inflammation, apoptosis, and hypoxia are enriched in long-cold ischemia (>10 h). In isolated islets,
we observed that even after culturing the islets for a period of two weeks, exposure of the biopsy to
long-cold ischemia impacts insulin secretion. Finally, quantitative RT-PCR of isolated islets in
culture showed that the expression of several genes relevant to beta-cell function and maturity is
affected by the interval of cold ischemia.

Conclusions: Our studies show that exposure to long-cold ischemia changes the beta-cell RNA
landscape and impacts the phenotype of islets in culture.
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Introduction: Pharmaceutical products based on incretin hormones gained increasing popularity in
the recent years, putting the enteroendocrine cell system into the spotlight for the treatment of
diabetes and obesity. Here, we identified SMER28 as a small molecule increasing the
enteroendocrine cell density and clarified its cellular mechanism.

Methods: We employed an established transgenic zebrafish line monitoring the expression of
Glucose-dependent Insulinotropic Peptide (gip) to screen >3.000 small molecules from two chemical
libraries. To investigate the developmental origin of enteroendocrine cells, we employed CRISPR-
Cas9 to knock-in a p2a-EGFP-t2a-creERT2 cassette into the dld locus. We explored the molecular
mechanism of SMER28 by overexpressing its target protein Vcp and co-treating reporter zebrafish
with SMER28 and autophagy inhibitors.

Results: We found the mTOR-independent autophagy activator SMER28 to be capable of
increasing the number of incretin-expressing cells in larval and juvenile zebrafish, with a potent
glucose-lowering effect. We established the combined reporter/lineage tracing line zebrafish
TgKI(p2a-EGFP-t2a-creERT2) and confirmed that d/d the functional zebrafish orthologue of the
mammalian gene DLL1, labelling secretory progenitors in the intestine. SMER28 increased the
number of dld+ secretory progenitors and their lineage-traced descendants, including neurog3+
endocrine progenitors and several mature enteroendocrine cell types. The effect we observed on
enteroendocrine cells depends on SMER28’s target protein Valosin Containing Protein (VCP) and
its role in mediating autophagy: overexpressing Vcp furtherly increased the effect on gip, while
inhibiting autophagy downstream of Vcp abolished it.

Conclusions: Our findings add significant knowledge to the field of exploiting enteroendocrine cells
to ameliorate glucose control, with potential implications for new diabetes treatments.

28



24 - Incretin-based therapy of obesity and diabetes, recent advances

JENS JUUL HOLST!'
" NNF Center for Basic Metabolic Research and Department of Biomedical Scences, University of
Copenhagen

Introduction: GLP-1 is an incretin hormone enhancing postprandial insulin secretion, but GLP-1
also inhibits glucagon secretion, resulting in a dual glucometabolic activity with powerful
antidiabetic effects. In the SURPASS trials with tirzepatide, 15 mg for 40 weeks lowered Alc
below 5.7 % in more than half of the patients, and over 176 weeks reduced the risk of developing
T2DM by 94 % in patients with prediabetes and obesity (Surmountl extension). A cardiometabolic
benefit of GLP-1 Receptor Agonism (GLP-1RA) has been demonstrated in T2DM since 2015 and
reproduced in meta-analyses and in the 2023-4 SELECT and FLOW trials. This effect may be
related to effects on the endothelium of the blood vessels (possibly receptor-mediated) and the anti-
inflammatory actions (e.g. strong reductions in hsCRP). But probably the most important mechanism
is the weight loss which now approaches surgical levels.The GLP-1RAs inhibit appetite and reward,
effectively maintaining body weight reductions for at least 4-5 years, and this may be their most
important action, since similar cardiometabolic benefits are seen after bariatric surgery (life
expectancy prolonged by 9 years in patients with T2DM). Heart failure, with reduced or preserved
ejection fraction is prevented/ameliorated, and there is also beneficial effects on MASH and Sleep
Apnea. As expected, the risk of obesity-related cancers is reduced. Because of the inhibition of
reward mechanisms GLP-1 therapy is also associated with lower incidence of alcohol and opioid
use disorders. Therapy should be focused on those with increased morbidity and mortality because
of the metabolic syndrome. Efficient paradigms for long-term therapy are needed.

Methods: nothing to add

Results: nothing to add

Conclusions: nothing to add
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Introduction: Type | diabetes (T1D) is a chronic inflammatory disease characterized by
autoimmune destruction of pancreatic -cells, leading to insulin deficiency and hyperglycemia.
Recent reports suggest that upto 50% B-cells escape the immune attack if the disease debuts after the
age of 6 years. However, these B-cells have impaired glucose-stimulated insulin secretion (GSIS),
but once extracted from the pancreatic pro-inflammatory environment, they show physiological
biphasic GSIS invitro.

VDACI is ubiquitously expressed channel protein on the outer mitochondrial membrane,
transporting calcium ions in the closed state and ADP/ATP and lipids in the open state. In -cells,
VDACI is also expressed on the cell membrane. In pathophysiological conditions, VDACI1
oligomerizes, leading to mitochondrial dysfunction and promoting inflammasome assembly at the
mitochondrial membrane. This process occurs across multiple cell types, including immune cells and
pancreatic islet cells.

Methods: The methods used are immunofluorescence staining followed by confocal microscopy,
ELISA, western blot, and invivo mouse studies.

Results: In the present study, we show that VDACI is upregulated in B-cells of T1D organ donors
and in diabetic NOD mice. In rat insulinoma cells, pro-inflammatory cytokines induce VDAC1
oligomerization and translocation to the plasma membrane. Further, proinflammatory human
macrophages show VDACI oligomerization, and treatment of these macrophages with the small-
molecule VDACI oligomerization inhibitor, VBIT4 reduced the secretion of proinflammatory
cytokines. Finally, RIP B7.1 mice, an experimental model of T1D, treated with VBIT4, were
completely refractory to the development of hyperglycemia.

Conclusions: Therefore, inhibition of VDACI oligomerization in T1D offers an attractive two-
pronged approach for the prevention and treatment of T1D.
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Introduction: Previously the DIAGNODE-2 Phase II trial showed preservation of beta cell function
by intralymphatic GAD-alum in GAD-positive individuals presenting with Type 1 diabetes in the
HLA DR3-DQ2 haplotype subgroup. Here we aim to see whether protein biomarkers can improve
prediction of positive response to the treatment.

Methods: Data from 109 patients before treatment ( at baseline) were compared with data after
treatment (6 months later). Linear mixed-effects models were used to assess associations between
stimulated C-peptide AUC measured at Mixed Meal Tolerance Test before and 6 months after
treatment and normalized protein expression (NPX) measured by Olink, to identify candidate
inflammatory protein biomarkers, adjusting for sex and age at onset of type 1 diabetes.

Results: Among 291 inflammatory proteins analyzed, two proteins, CSF1(adj.p.val = 0.003) and
ITGB6 (adj.p.value = 0.012) were significantly associated with MMTT C-peptide AUC after
Benjamini—Hochberg correction (False Discovery Rate <0.05). These associations were not
significant in the HLA DR3-DQ2 haplotype subgroup. Additionally, three proteins (TOP2B, NBN,
and HCLS1) showed significant visit—treatment interaction effects, suggesting differential
longitudinal responses between treatment groups.

Conclusions: Our preliminary findings identify candidate inflammatory protein biomarkers
associated with beta-cell function and longitudinal changes in individuals with type 1 diabetes.
Further analyzes should be done.
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Introduction: Insulin is produced by pancreatic B-cells and packaged into granules. Only a small
number of these granules obtain release competence and contribute to glucose regulation, while the
vast majority are instead stored or degraded. Changes in granule release probability contribute to -
cell dysfunction in diabetes, but the molecular determinants that specify the maturation trajectory of
newly formed granules remain poorly defined.

Methods: We employed a live-cell microscopy-based approach using mouse islets and clonal mouse
B-cells expressing custom-made biosensors for the detection of granule age, organelle interactions,
granule turnover, and organelle physiology.

Results: We identified a rapid physical association between newly formed insulin granules and
mitochondria that required both the voltage-dependent anion channel (VDAC) and the vesicular
ATP transporter (VNUT). VNUT depletion disrupted VDAC recruitment to newly formed granules
and redirected these vesicles toward autophagy-dependent lysosomal degradation. VNUT
knockdown produced a threefold expansion in lysosomal area and a fourfold increase in lysosomal
granule content (P < 0.0001, n > 200), phenocopying pharmacological VNUT inhibition with
clodronate. Loss of VNUT resulted in ~50% reduction in insulin content and a marked impairment
in glucose-stimulated insulin secretion (P < 0.0001, n > 200). Autophagy inhibition with SAR405
restored insulin content in VNUT-deficient cells, demonstrating that lysosomal degradation is the
principal fate of granules that fail to engage mitochondrial contact sites.

Conclusions: These data establish mitochondria—granule interactions as an essential checkpoint in
the earliest stages of granule maturation, ensuring selective progression of nascent insulin granules
into the regulated secretory pathway rather than autophagic elimination.
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Introduction: RNA methylation of N6-adenosine (m°A) is a common reversible RNA modification,
involved in various biological processes, e.g. RNA stability, splicing, translation. Research show
that dysregulated m°A mRNA levels in islets is associated with diabetes, suggesting increasing m°A
mRNA levels as a valuable target for beta-cell protection.

Methods: We aim to elucidate mRNA m®A and their regulating protein levels in diabetes pathology
and to study the effect of METTL3/14 activator compounds to protect beta-cells.

Results: Our data demonstrated that expression of m°A writers Mett/3 and Mettl14 is downregulated
with disease progression in islets of NOD mice in accordance with previously published data.
However, when mRNA was isolated directly from mice without recovery, NOD islets showed higher
expression of these genes. Therefore, we are studying if 1) inflammation can induce expression of
Mettl3 and Mettl14, and 2) if there is difference in inducing m°A writers’ expression in response to
inflammation in NOD mice.

We also measured the expression of m°A regulators in islets of 5-week-old db/db mice and observed
a trend for decreased expression of Mettl3 and Mettl14 in db/db mice compared to db/+ mice.
Importantly, a correlation between elevated m°A levels and increasing blood glucose levels was
detected in the liver of db/db mice. Currently, we are treating db/db and control animals with
METTL3/14 activator compound CHMA 1004 to test whether it can stop or slow down diabetes
progression in these animals.

Conclusions: Current project is at the beginning of unveiling m°A role in diabetes and exploring its
potential as therapeutic target.
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Introduction: Regenerating human beta cells by promoting their proliferation is a crucial area of
research that holds great therapeutic potential for both T1D and T2D. Whilst mouse islets display a
higher proliferation rate, human pancreatic beta cells exhibit low levels of proliferation. One factor
contributing to the low proliferation rate in beta cells is that, with age, they can become senescent. In
this state, cells cease to divide but remain metabolically active, with an altered secretory phenotype.
Senescence has recently been reported to contribute to T2D. Senolytics such as Fisetin and
Quercetin selectively kill senescent cells and are currently being tested in clinical trials.

Methods: We are using mouse and human islets to investigate beta cell proliferation under
metabolic stress and to study the effect of senolytic treatment on cell division using Quantitative RT-
PCR and immunohistochemistry.

Results: Quantitative RT-PCR data demonstrated that in islets from 6-month-old mice, the
expression of senescence markers such as Cdkn1A/p21 is increased compared to that in 3-month-old
mice. However, immunohistochemistry with EQU showed that under metabolic stress, beta cells of
6-month-old mice retain their proliferative capacity. Furthermore, 24 hours of exposure to high
glucose upregulates both Chrebp isoforms, necessary for glucose-stimulated proliferation, as well as
the senescence marker CdknlA/p21.

Conclusions: Treating mouse and human islets with senolytics indicates that proliferation was not
inhibited by senescence. We plan, therefore, to further investigate gene expression after 24 hours of
high-glucose exposure using RNA sequencing of both mouse and human islets to determinewhich
factors inhibit beta-cell proliferation in humans.
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Introduction: Pancreatic islets feature a dense, fenestrated capillary network that supports glucose
detection and hormone release, sustained through interactions among endothelial cells, pericytes,
and endocrine cells. However, in long-standing T1D, this environment is disrupted, with the islet
vasculature exhibiting endothelial dysfunction and perivascular fibrosis, yet the exact mechanism
remains elusive. These vascular changes have been linked to beta-cell loss, hyperglycemia, immune
injury, or a combination thereof. Additionally, most animal studies focus on early-stage disease,
whereas human samples originate from cadaveric donors. We aim to better understand islet vascular
dysfunction in long-standing T1D.

Methods: We employed both a high-dose streptozotocin-induced model in immunodeficient and
immunocompetent mice and a spontaneous autoimmune diabetes model (NOD). The multiple model
approach was used to isolate the effect of hyperglycemia from the aforementioned factors. Animals
were maintained in a hyperglycemic state for 5-8 weeks after onset to model long-standing disease,
receiving intermittent exogenous insulin. Islet vasculature was assessed using immunocytochemistry
and electron microscopy.

Results: Animals displayed strain and model-specific differences but consistently exhibited
increased islet capillary areas positive for Laminin o and Collagen IV compared with healthy
controls, indicating extracellular matrix accumulation. Electron microscopy revealed that islet
capillaries often lacked RBCs, had collapsed lumens, and thickened basement membranes,
consistent with increased extracellular matrix observed by immunocytochemistry. These structural
changes point to impaired vascular function, similar to that observed in human T1D islets.
Conclusions: Developing representative murine models of long-standing T1D islet vasculopathy is
essential for understanding disease mechanisms and could inform therapies aimed at preventing
endocrine failure beyond beta-cell autoimmunity.
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Introduction: Insulin secretion from pancreatic -cells is controlled by the intracellular messengers
Ca*" and cAMP. The cAMP effector protein Epac2 binds to granule docking sites at the plasma
membrane via its Ras association domain, indicating a potential role for Ras GTPases in exocytosis.
This study aimed to determine whether the plasma membrane-localized isoform K-Ras4b is involved
in insulin secretion.

Methods: The dominant-negative K-Ras4b S17N mutant (Ras-DN) was expressed in dispersed
MING6 and primary mouse B-cells. Human islets were dissociated, infected with Ras-DN or control
adenoviruses and reaggregated in hanging-drop culture during 7 days. Cytoplasmic Ca®" was
recorded with fluorescent indicators. Exocytosis was quantified using total internal reflection
fluorescence (TIRF) imaging of VAMP2-pHluorin labelled granules and patch-clamp recordings of
membrane capacitance. Insulin release from perifused islets was assessed with ELISA.

Results: Depolarization-evoked exocytosis (30 mM K") was reduced by 36% (P<0.001) in Ras-DN-
expressing MING6-cells, without differences in granule density or cytoplasmic Ca** responses
compared to control. A corresponding impairment in exocytosis (43%; P<0.001) was observed in
Ras-DN-expressing mouse B-cells based on capacitance responses to voltage-clamp depolarizations.
Perifusion experiments with reaggregated human islets from two donors indicate reduction of insulin
secretion at both low (3 mM) and high (11 mM) glucose in Ras-DN islets (49% and 58% of control,
respectively).

Conclusions: Our findings identify a previously unrecognized role of K-Ras4b in the regulation of
insulin secretion. By revealing this new function of Ras signalling, the study highlights a potential
mechanistic link between altered Ras activity and impaired insulin secretion in diabetes.
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Introduction: Vascular endothelial growth factor B (VEGF-B) plays a fundamental role in systemic
lipid homeostasis by regulating both the release of stored lipids—primarily as non-esterified fatty
acids—from adipose tissue through lipolysis, and lipid uptake in peripheral tissues such as the heart
and skeletal muscle.

Methods: In this lecture, I will discuss the role of VEGF-B in two well-known diabetic
complications: fatty liver disease and diabetic stroke. We demonstrate that VEGF-B expression in
adipose tissue controls lipolysis and thereby regulates lipid uptake by the liver. Targeting VEGF-B
signalling by genetic or pharmacological approaches across several dietary models reduces hepatic
lipid accumulation and protects the liver from inflammation, fibrosis, and the development of
hepatocellular carcinoma.

Results: Diabetes is associated with an increased risk of ischaemic stroke. Using experimental
mouse models of stroke, we show that inhibition of VEGF-B reduces both infarct size and the risk of
intracerebral haemorrhage. This effect is attributable to reduced ectopic lipid accumulation in the
cerebrovasculature. Notably, targeting VEGF-B signalling in animals subjected to ischaemic stroke
followed by delayed thrombolysis with tissue plasminogen activator (tPA) protected against
excessive haemorrhage and significantly improved survival. The protective effect of VEGF-B
inhibition in late tPA-mediated thrombolysis was due to suppression of tPA-induced lipolysis,
thereby preventing increased ectopic lipid accumulation in the cerebrovasculature. The ability of tPA
to stimulate lipolysis is a novel finding and may help explain the narrow therapeutic time window of
approximately 4.5 hours following the onset of stroke symptoms.

Conclusions: In summary, this work highlights VEGF-B-mediated lipid homeostasis as a key
mechanism underlying several diabetic complications.
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Introduction: Stem cell-derived islets (SC-islets) are capable of replacing lost B-cells resulting from
autoimmune attack during type 1 diabetes (T1D). SC-islets can be transplanted into individuals and
restore normal glucose control. However, they are vulnerable to immune mediated destruction from
both alloreactivity and autoimmune recognition by T cells. Broad immunosuppression treatments
can block the immune response, but have severe side effects that prevent widespread use of SC-islet
transplantation.

T cells are critical for immune mediated destruction of SC-islets through recognition of both
mismatched MHC molecules and B-cell autoantigens presented on MHC matched cells. T cells must
be present in SC-islets in order to exert effector functions and induce p-cell death.

Methods: Using an in vitro live cell imaging system, we evaluated if T cells enter SC-islets.
Results: Our results demonstrate that T cells are attracted toward SC-islets in vitro, including T cells
from T1D patients. This results in rapid entry into the SC-islets within 24 hours and significant cell
death after 48 hours in MHC matched SC-islets. The rapid location and entry into SC-islets is not
contact dependent, suggesting that the SC-islets secrete chemokines that attract T cells.
Conclusions: Chemokines are produced by SC-islets from multiple stem cell lines, making these the
likely source of the T cell attraction and entry. Future work will determine which chemokines are
responsible for T cell entry into the SC-islets, if other immune cell types are also attracted to
chemokines from SC-islets, and if specific subsets of T cells are attracted to and selectively recruited
to SC-islets.
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Introduction: With growing concerns for the increasing worldwide incidence of type 1 diabetes,
there is a need for markers that can be used to monitor the progression, treatment and remission of
the disease. In the present study, targeted mass spectrometry was used to evaluate the utility of a
panel of 85 proteins previously associated with T1D progression.

Methods: Selected reaction monitoring (SRM) mass spectrometry was used to measure the levels of
85 T1D-associated proteins from longitudinal serum samples of under 18-year-old youth newly
diagnosed (ND) with T1D (n=86). To understand associations with beta cell function, the
measurements were compared with changes in fasting C-peptide/glucose levels. Additional
comparisons were made between the data from ND individuals and cross-sectional measurements
obtained from autoantibody-negative unaffected family members (UFMs, n=194). The samples
series were from the first 100 ND individuals recruited in INNODIA, with the subsequent
validations made with samples from the next 150 ND individuals (n=146) and UFMs (n=272).
Results: Eleven proteins showed significant associations with fasting C-peptide/glucose changes,
and 13 proteins differed between ND and UFMs. Among these were apolipoproteins, insulin-like
growth factor-family members, coagulants and proteins involved in oxidative stress and beta cell
function and integrity. These 21 significant proteins were further validated in ND youth and UFMs
subsequently enrolled in the study. Here, most differences between ND and UFMs were replicated
and association with C-peptide/glucose was confirmed for three out of the eleven targets.
Conclusions: Our study highlights a panel of protein markers reflecting changes accompanying T1D
progression and their potential to monitor beta cell function.
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Introduction: Type 1 diabetes (T1D) is a chronic autoimmune disease characterized by immune-
mediated destruction of pancreatic B-cells. Intra-islet immune responses, particularly macrophages,
contribute to disease progression. Catestatin (CST), a chromogranin A—derived neuropeptide,
regulates the sympathetic nervous system via a7nAChR. This study investigated CST’s role in islet
homeostasis and macrophage function in T1D.

Methods: ELISA was used to measure CST levels in patients with T1D, and CST presence in the
non-obese diabetic (NOD) mouse model was assessed by immunofluorescence. Pancreatic islet
morphology was analyzed in CST-KO, CgA-KO, and WT mice using histological approaches. CST—
receptor interactions were investigated in silico docking, Surface plasmon resonance (SPR), and
hydrogen—deuterium exchange mass spectrometry (HDX-MS). Immunofluorescence analyses were
performed to assess islet nerve organization, and spatial mass spectrometry was used to analyze
neurotransmitters and related metabolites.

Results: CST was detected in pancreatic islets of the NOD mouse model during disease progression,
and patients with T1D showed increased plasma CST levels. CgA-KO mice exhibited reduced islet
density and circularity, while both CST-KO and CgA-KO mice showed an increased a- to B-cell
ratio. Interaction between CST and a7nAChR was confirmed by SPR, with Argininel5 identified as
critical for binding. HDX-MS further mapped a specific CST binding region on a7nAChR.
Additionally, reduced intra-islet nerve density, decreased macrophage—nerve interactions, and
altered neurotransmitter metabolism indicate impaired neuroimmune communication in the absence
of CST.

Conclusions: Together, these findings identify CST as a potential key immunomodulatory
neuropeptide. By modulating macrophage activity through a7nAChR, CST may play an important
role in regulating islet homeostasis, highlighting its potential as a therapeutic target in T1D and other
autoimmune diseases.
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Introduction: Many children with type 1 diabetes (T1D) do not meet the recommended 60 min/day
of moderate-to-vigorous physical activity (MVPA). This study aimed to evaluate the total physical
activity (PA) among children with T1D and their parents, and to explore whether parent’s PA
predicts their child’s PA.

Methods: Children aged 617 years with T1D from the Oulu University Hospital Pediatric Diabetes
Outpatient Clinic, and their parents, participated in the study. PA was assessed using a questionnaire
and 7-day accelerometry. The amount of child’s accelerometer-based PA was explained by the
amount of parent’s PA using regression analysis. Children and parents, respectively, were
categorized into three groups (low active, active, highly active) based on MVPA recommendations.
Within family, consistency in these three groups was evaluated using the McNemar—Bowker test.
Results: A total of 57 children (mean age 10.9, SD 3.1 years), and one of their parents, participated.
The average accelerometer-measured MVPA was 82 (SD 32) min/day, with 79 % of the participants
meeting the recommendation. Girls (N= 28) accumulated on average 18 minutes less of
accelerometer-measured MVPA (95 % CI: -35; -1.7) and 33 minutes less of self-reported MVPA per
day (95 % CI: -52; -14) compared with boys. No significant relationship was found between parents'
and children's PA, including the MVPA recommendation-based evaluation.

Conclusions: While the average MVPA level exceeded recommendations, a notable gender gap was
observed. Parental PA did not predict their child’s PA. These findings highlight the need for
strategies to encourage PA, particularly among girls with T1D.
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Introduction: Insulin acts not only on peripheral organs but is also transported into the brain, where
it regulates key aspects of behavior, cognition, and whole-body metabolism, including the
coordination of postprandial energy metabolism. Intranasal insulin delivery enables preferential
targeting of the brain with minimal systemic spillover and has provided direct evidence that brain
insulin action modulates whole-body glucose metabolism, influences eating behavior, and affects
cognitive function. These central effects complement direct peripheral insulin action and contribute
to the integrated regulation of postprandial metabolism.

However, these effects are markedly attenuated in individuals with overweight or obesity, indicating
the presence of brain insulin resistance. This phenotype is characterized by impaired insulin-induced
responses in hypothalamic and reward-related circuits and a reduced ability of brain insulin action to
acutely modulate peripheral metabolism, including pancreatic insulin secretion and hepatic glucose
production. In parallel, brain insulin resistance is accompanied by unfavorable body fat distribution.
In line, longitudinal data indicate that brain insulin sensitivity predicts future changes in body weight
and body fat distribution and modulates the response to lifestyle interventions.

Importantly, brain insulin sensitivity is not static. Reduced responsiveness during the luteal phase of
the menstrual cycle demonstrates that brain insulin action is dynamically regulated and
physiologically modifiable, with potential relevance for metabolic control in women.

Together, these findings position brain insulin sensitivity as a dynamic regulator linking acute
metabolic control with long-term changes in body composition. Targeting brain insulin action may
therefore represent a promising strategy to improve metabolic health, reduce complication risk, and
modulate brain function.
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Introduction: The RNA-binding proteins TIAR and TIA1 have been reported to affect beta cell
insulin production and viability. The missense E384K TIA1 autosomal dominant mutation is known
to cause Welander distal myopathy. The aim of this study was to study the effects of the TIA1
E384K mutation in human insulin-producing EndoC-fH1 cells.

Methods: The prime editing technique was used to generate EndoC-BH1 cell clones with the
homozygous E384K TIA1 mutation.

Results: The E384K TIA1 mutation did not affect basal or high glucose + palmitate-induced stress
granule formation and cell death. Instead, the mutated cells respired and proliferated faster than
wild-type cells. This was paralleled by a higher MYC mRNA and protein level, a profoundly reduced
GLP-1 receptor mRNA expression, increased expression of “disallowed” beta cell genes, a
proinsulin-to-insulin processing defect, a decreased insulin content and release, a decreased
PAX4/ARX mRNA ratio, and an increased glucagon production. The TIA1 mutation reduced MYC
mRNA binding to TIA1. Downregulation of MYC mRNA levels normalized insulin/glucagon and
PAX4/ARX mRNA ratios. Long-term treatment of TIA1-mutated cells with the GLP-1R agonist
liraglutide restored insulin production and reversed beta cell dedifferentiation.

Conclusions: It is concluded that the TIA1 E384K mutation, via increased MYC levels and cell
proliferation rates, causes beta cell dedifferentiation. Thus, dysfunction of RNA-binding proteins
may, at least in certain cases, contribute to the impaired insulin production observed in diabetes. A
better understanding of RNA-binding protein-mediated control of beta cell differentiation, and the
protective impact of GLP-1 receptor agonism, could facilitate the development of new treatment
strategies in diabetes.
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Introduction: Diabetes is a chronic disease affecting more than 530 million people worldwide and
is associated with serious complications including diabetic nephropathy, cardiomyopathy, and
atherosclerosis. Diabetic nephropathy, is a leading cause of chronic kidney disease (CKD) and
substantially increases cardiovascular risk. Current therapies primarily target metabolic risk factors
and inflammation; however, additional vascular mechanisms beyond atherosclerosis contribute to
disease progression and remain underexplored.

The connection between Type 2 diabetes (T2DM) and CKD, is driven by common biological
processes involving the Angiopoietin-2 (ANGPT2) and TIE-2 signaling pathway. In T2DM,
hyperglycemia and advanced glycation end-products disrupt TIE2 signaling, leading to increased
ANGPT?2 expression and endothelial dysfunction. Elevated circulating ANGPT2 levels correlate
with kidney disease severity and help identify the ANGPT2-TIE2 axis as a potential therapeutic
target in diabetic nephropathy.

Methods: This study evaluated the therapeutic value of a novel humanized antibody that binds
ANGPT?2 and restores TIE2 signaling. 4-week-old, BTBR ob/ob diabetic mice received weekly
injections of ABX (25mg/kg) or vehicle control, until 11-weeks of age. BTBR WT mice served as a
non-diabetic, lean controls.

Results: Diabetic nephropathy was evaluated using blood urea nitrogen (BUN) and urinary albumin
and creatinine ratio (UACR). ABX treatment prevented diabetes-induced renal dysfunction,
stabilizing BUN and uACR levels. It also preserved renal cortical capillary density (ERG
immunostaining), maintained endothelial fenestrations in peritubular capillaries (electron
microscopy), and reduced glomerular hypertrophy compared with vehicle-treated diabetic mice.
Conclusions: Taken together, these findings suggest that targeting ANGPT2 with ABX mitigates
diabetic nephropathy and preserves renal microvascular structure in experimental type 2 diabetes.
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Introduction: Encouraging effects by treatment with glutamic acid decarboxylase, GAD, against
beta-cell demise are reported in type 1 diabetes. To broaden experience of such treatment to other
forms of autoimmune diabetes we performed a 12-month clinical trial in LADA patients who were
clearly impacted by autoimmunity as implied by above-median levels of anti-GAD. Inguinal node
injections with GAD-alum were accompanied by effects on immunological and beta-cell variables;
these we have followed up 2-3 years afterwards.

Methods: Eight out of 14 original participants underwent the same tests of beta-cell function as in
the original trial. Tests employed were C-peptide measurements during a mixed-meal tolerance test
(MMTT) and during a glucagon stimulation test (GST). Cells secured as PBMC were stimulated in
vitro with GAD.

Results: C-peptide responses declined vs. the original trial in 4 out of 8 participants. Decline or no
decline was reflected to a similar extent in MMTT and GST and similarity extended to fasting levels
of C-peptide. Decline or no decline correlated also with baseline levels of anti-GAD in the original
trial. The original positive response (increase in lymphocyte replication) to 7 days culture with GAD
was lost in PMBCs from the follow-up. The magnitude of the original PMBC responses did not
correlate with C-peptide responses during follow-up testing.

Conclusions: Beta cell decline in LADA is heterogeneous also in the face of strong autoimmune
activity, 2) decline is equally well reflected in stimulation tests as in fasting C-peptide, 3) PMBC
responses to GAD are not prognostic of C-peptide decline.
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Introduction: Skeletal muscle is central to glucose disposal and lean mass, but classical f2-agonists
are limited by Gs-driven cardiovascular side effects and poor pathway selectivity. GRK2-biased [32
activation offers a way to retain metabolic and anabolic benefits while minimizing these liabilities.
Methods: We generated a chemically related panel of B2-adrenergic receptor modulators within a
single chemotype and optimized them to span a range of signaling bias toward GRK2 versus Gs and
B-arrestin. Muscle metabolic effects were evaluated in differentiated skeletal myotubes by measuring
glucose uptake and activation of downstream anabolic signaling markers. Selected compounds were
then advanced into rodent models of diet-induced obesity, type 2 diabetes and muscle atrophy,
where oral dosing regimens were used and outcomes included glucose tolerance, fasting glycemia
and body composition and lean mass assessed.

Results: Across cellular systems, next-generation GRK-biased . modulators displayed distinct
signaling fingerprints that were associated with durable stimulation of muscle glucose uptake and
activation of anabolic pathways. In preclinical models of obesity, type 2 diabetes and muscle
atrophy, several compounds produced superior reshaping of body composition, with preferential
reduction of fat mass, preservation or gain of lean mass, and additional improvements in glycemic
control compared with vehicle treatment.

Conclusions: By extending metabolic and muscle benefits within a single chemotype, these
follow-on candidates demonstrate that tuning GRK-biased [- signaling can yield differentiated
pharmacology. GRK2-selective B modulation emerges as a powerful and flexible platform for
tailoring treatments that couple glycemic control with favorable effects on body composition and
muscle health in type 2 diabetes, obesity and sarcopenia.
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42 - Whole-body magnetic resonance imaging reveals sex-specific anatomical signatures of
type 2 diabetes risk in the UK Biobank
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! Department of Surgical Sciences, Uppsala University, Uppsala, Sweden

? Department of Medical Sciences, Uppsala University, Uppsala, Sweden

3 Department of Information Technology, Uppsala University, Uppsala, Sweden

* Department of Pharmacy, Uppsala University, Uppsala, Sweden

Introduction: Body-mass-index-based obesity metrics miss anatomical heterogeneity in fat
distribution and tissue structure that contributes to type 2 diabetes risk. We mapped sex-specific,
whole-body anatomical signatures of diabetes using magnetic resonance imaging.

Methods: We analysed participants in the UK Biobank with whole-body water—fat magnetic
resonance imaging at the first imaging visit (2014—2020). Two imaging exposures were derived after
non-linear registration to sex-specific reference templates: fat fraction (lipid content) and a relative
local volume metric (local structural expansion or contraction). Type 2 diabetes was defined using a
validated algorithm. Sex-stratified logistic regression assessed associations, adjusting for age,
ethnicity, alcohol use, smoking, diet, physical activity, and total adipose and lean tissue volumes.
Family-wise error was controlled using permutation-based threshold-free cluster enhancement.
Results: Among 40,296 imaged participants, 32,139 (16,043 males; 16,096 females) were included
in fully adjusted analyses; 1,337 (4.2%) had type 2 diabetes (6.0% males; 2.4% females). Higher fat
fraction was associated with higher diabetes odds in visceral adipose depots (including pericardial
and mesenteric regions), liver, pancreas, and vertebral marrow, while higher fat fraction was
associated with lower odds in gluteofemoral and posterior-thigh subcutaneous adipose tissue and
femoral marrow. Spatial patterns were sex-dimorphic, with more extensive protective gluteofemoral
subcutaneous associations in females. The relative local volume metric identified adverse expansion
in constrained visceral depots and axial marrow and protective expansion in gluteofemoral regions.
Conclusions: Whole-body imaging reveals reproducible, sex-specific anatomical signatures of type
2 diabetes risk that persist beyond total adiposity, supporting anatomically grounded phenotyping for
diabetes risk stratification.
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43 - B cell-targeted mesencephalic astrocyte-derived neurotrophic factor gene therapy reverses
B cell stress and diabetes in mice

Huini Li'
Julia Kiva', Marika Itkonen', Liisa Pilv', Maria Lindahl'
! Institute of Biotechnology, HiLIFE Unit, University of Helsinki, Helsinki, Finland.

Introduction: Endoplasmic reticulum (ER) stress and mitochondrial oxidative stress contribute to
inflammation and P cell death in type 1 diabetes (T1D). Mesencephalic astrocyte-derived
neurotrophic factor (MANF) is an ER stress-regulating factor with protective and
immunomodulatory roles. MANF knockout (Manf”") mice develop diabetes due to sustained ER
stress and B cell loss. In humans, MANF-deficiency is associated with syndromic diabetes. We
recently demonstrated that elevated MANF in f cells protects against streptozotocin-induced T1D in
vivo by reducing islet § cell ER and oxidative stress, immune responses and p53-mediated
senescence.

Methods: Doxycycline-inducible B cell-specific INS-MANF mice were crossed with Manf" mice
to generate INS-MANF::Manf/ mice. Mechanisms underlying the protective effects of MANF in 3
cell mitochondria are being investigated by RT-qPCR, immunocytochemistry, confocal imaging and
assays measuring reactive oxygen species.

Results: Prenatal B cell-specific human MANF overexpression in INS-MANF::Manf” mice
reversed diabetes in global MANF-deficient mice. This was associated with increased insulin
staining, § cell mass and proliferation. Glucose tolerance and insulin sensitivity were comparable to
control mice. Furthermore, B cell-specific overexpression restored serum insulin levels, reduced ER
stress, and increased expression of 3 cell identity markers in islets. Given the oxidative stress
observed in B cells of Manf”" mice, we will further elucidate the protective effects of MANF in
mitochondrial dysfunction, oxidative stress, and mitophagy.

Conclusions: Prenatal B cell-targeted MANF gene therapy reverses diabetes, restores [ cell function
and alleviates ER stress in MANF-deficient mice. These findings highlight a promising therapeutic
strategy for B cell protection and regeneration in T1D.
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