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Molecular Pathophysiology Underlying MASH
Complicated by Diabetes

Hisanori Goto (Kanazawa University, Japan)

Obesity is a significant contributor to MASLD/MASH. Additionally, it has been suggested that diabetes may exacerbate MASLD 
in East Asian individuals. However, the mechanisms by which diabetes promotes liver inflammation and fibrosis remain unclear. 
In our longitudinal liver biopsy study of diabetic MASLD subjects, increases in HbA1c, but not BMI were significantly associated 
with the progression of liver fibrosis (Saori S et al., Diabetes 2023). Gene set enrichment analyses suggest the coordinated 
downregulation of genes involved in central liver sinusoidal endothelial cells (LSECs) during the progression of liver fibrosis.
To further explore the molecular mechanisms by which diabetes exacerbates steatohepatitis, we established a novel murine 
model of “diabetic steatohepatitis (DiSH)” (Abuduyimiti T, Goto H, et al., Am J Pathol, 2024). Male C57BL/6J mice were fed a 
60% high-fat diet (HFD). Liver inflammation and fibrosis were induced using carbon tetrachloride (CCl4), and insulinopenic 
diabetes was induced by streptozotocin (STZ). The DiSH model (HFD+CCl4+STZ) group exhibited more advanced liver steatosis, 
hepatocyte ballooning, and regenerative nodules than the non-diabetic MASH model (HFD+CCl4) group.
Single-cell RNA-seq analyses revealed a decrease in LSEC clusters in the DiSH model. Pathway analysis of genes with altered 
expression in LSECs due to the induction of a diabetic state revealed a coordinated increase in the expression of genes linked 
to senescent phenotype, oxidative stress response, capillary formation, leukocyte migration, and apoptosis in diabetes.　Genes 
involved in ligand-receptor interactions in RAGE/TLR4 signaling were also coordinately upregulated in diabetes. Morphological 
findings also suggested LSEC injury in the DiSH model. These findings indicate that diabetes may injure LSECs via RAGE/TLR 
signaling during the development of DiSH. These results imply that diabetic vascular complications underlie DiSH pathology. 
At the symposium, we will discuss experimental strategies to test this hypothesis and therapeutic strategies aimed at protecting 
vascular endothelial cells.
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Effects of Exercise Intervention in Obese Mice with
Steatotic Liver Disease

Chia-Wen Liu (National Taiwan University, Taiwan)

This lecture was intended to share the effects of various exercise modalities on obesity treatment and liver health in high-fat 
diet-induced obese mice from our team. The exercise interventions included aerobic exercise (AE), resistance exercise (RE), 
high-intensity interval training (HIIT), and vibration training (VT). Each regimen was conducted over eight weeks: AE involved 
treadmill running, RE focused on weight-bearing ladder climbing, and HIIT incorporated alternating high and low-intensity 
treadmill running intervals. Additionally, the study examined the impact of swimming at different temperatures (25°C and 32°C) 
on obesity treatment.

Metabolic improvements were also observed, with AE significantly reducing total cholesterol (TCHO), low-density lipoprotein 
(LDL), and triglycerides (TG), and improving glucose tolerance as measured by OGTT. Both AE and VT groups showed 
improvements in fasting glucose levels, although these changes were not statistically significant. In terms of body composition, 
AE and VT groups experienced significant reductions in body weight and fat percentage, with AE also increasing lean mass 
percentage.

The results demonstrated that most of the exercise modalities reduced liver weight and improved liver function, as evidenced 
by decreased GPT levels. AE notably increased irisin levels, enhancing insulin sensitivity and improving HOMA-IR. Liver 
proteomic analysis indicated that obesity induced mitochondrial dysfunction, which was mitigated by AE through the 
regulation of the PKA pathway. Furthermore, western blot analysis revealed significant changes in the expression of liver 
proteins such as Fetuin A, Galectin-1, and Cathepsin S.
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Therapeutic Approaches for Non-Alcoholic Steatohepatitis 
Utilizing Diverse Metabolites

Eun Hee Koh (University of Ulsan, Korea)

Nonalcoholic fatty liver disease (NAFLD) has become a major health issue worldwide. Approximately 10–20% of patients with 
NAFLD develop non-alcoholic steatohepatitis (NASH), an advanced stage of NAFLD that may subsequently progress to liver 
cirrhosis and hepatocellular carcinoma. The mechanism by which simple steatosis progresses to NASH and liver fibrosis is 
not completely understood, and an effective treatment for halting the progression of NASH is yet to be discovered. Lipotoxic 
hepatocyte death may be the primary lesion that causes liver inflammation and fibrosis. Damage-associated molecular 
patterns released from dying hepatocytes may activate hepatic macrophages, and secretion of proinflammatory and fibrogenic 
cytokines from macrophages promotes hepatic stellate cells activation. Sphingolipids are ubiquitous building blocks of 
eukaryotic cell membranes and their metabolites regulate a wide range of cellular processes that are important in immunity, 
inflammation, and inflammatory disorders. Separate lines of evidence have suggested that changes in sphingolipid metabolism 
are an important cause of metabolic diseases. In the liver, increased intracellular ceramide, the prototype sphingolipid and the 
precursor of complex sphingolipids, induces lipotoxic hepatocellular cell death by multiple mechanisms. 
Previous studies proposed the two-hit hypothesis for NASH, suggesting that excessive triglyceride accumulation in the liver 
increases the susceptibility of the liver to injuries mediated by other stimuli such as oxidative stress or pro-inflammatory 
cytokines. However, subsequent studies have shown that triglyceride accumulation is not harmful by itself to hepatocytes and 
may actually protect against lipotoxicity. In recent studies, we show that the changes in ceramide/sphingolipid metabolism, 
which are well-known mediators of hepatocyte injury, are inter-related. In this presentation, I will introduce the role of 
sphingolipid metabolism in hepatocyte injury and macrophage activation with inflammasome activation. 
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