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研究成果の概要（和文）：本研究では、8週齢の野生型雄マウスにストレプトゾトシン（STZ）を腹腔内投与し、
血糖値150-250㎎/dlのマウスを糖尿病マウスとして、酸化ステロールの7ケトコレステロール(7KC)を餌に混餌し
て4週間から12週間投与し、肝臓、心筋の組織増、mRNA、WBを解析し、心機能を超高磁場MRIで解析した。肝臓で
は、遊離コレステロール、トリグリセライドの蓄積が増加のほか、炎症細胞浸潤や線維化の亢進も認められた。
それに伴い、心筋組織でもIL-1βを中心としたインフラマソーム系の炎症マーカーの亢進を認めた。超高磁場
MRIでの観察では、7KC投与群、非投与群ともに軽度の心筋障害を認めた。

研究成果の概要（英文）：C57Bl/6 mice were injected STZ (160mg/kg) intraperitoneally and confirmed 
that the blood glucose levels were in the range of 200-350 mg/dL two weeks after injection. Diabetic
 mice were fed high fat diet with or without 7KC for four or twelve weeks and sacrificed. In 
STZ-induced diabetic mice, oil Red O staining showed more and larger lipid droplets in WD+-KC. Lipid
 extraction analysis has demonstrated that triglycerides and free cholesterol were significantly 
increased in liver in WD+7KC group. Serum ALT and TNF-a were significantly increased in WD+7KC and 
F4/80 staining exhibited increased macrophages in WD+7KC. Pathway analysis by RNA sequencing 
demonstrated that several pathways, such as TNF signaling pathway were upregulated in WD+7KC. 
Importantly, in heart, inflammatory cytokine, IL-1b was upregulated in WD+7KC. In summary, dietary 
supplementation of 7KC accelerated cardiac inflammation through hepatic steatosis, inflammatory cell
 infiltration and fibrosis.

研究分野： 循環器内科学

キーワード： 心筋症　7-ケトコレステロール　脂肪肝炎　糖尿病
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研究成果の学術的意義や社会的意義
It has been demonstrated that cardiovascular disease is the leading cause of mortality among 
patients with non-alcoholic fatty liver diseases. We have demonstrated that 7KC in diet might 
accelerate cardiac inflammation through hepatic steatosis and inflammation by NLRP3 inflammasome 
activation.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Recent clinical studies have reported that the development of Non-alcoholic fatty liver 

disease (NAFLD) is associated with atherosclerosis and even heart failure. An oxidized 

cholesterol, 7-ketocholesterol (7KC), was contained in processed food and plasma 7KC levels 

were significantly higher in patients with diabetes or cardiovascular diseases. In the previous 

study, we have demonstrated that small amount of dietary 7KC in high fat diet induced hepatic 

steatosis and inflammation in obese mice (Chang J. et al. Front Endocrinol 2021). We have 

also revealed that cardiomyopathy was accompanied with diet-induced steatohepatitis in mice 

(Kanno K. et al. Sci. Rep. 2022). 

 

２．研究の目的 

The aim of this study is to determine whether dietary 7KC may accelerate cardiomyopathy 

and cardiac dysfunction accompanied with steatohepatitis. We hypothesize that dietary 7KC 

would induce fatty liver by activating inflammasome, leading to cardiac dysfunction, or dietary 

7KC would induce fatty liver and produce abnormal lipoprotein, resulting in lipid accumulation 

in mitochondria and reduce ATP production in cardiomyocytes. 

 

３．研究の方法 

High fat / high cholesterol (1%) diet with 7KC (0.01%) (WD+7KC) or without 7KC (WD) 

were prepared. C57BL/6 mice at age of 8 weeks were injected STZ. At age of 11 weeks STZ-

induced diabetic mice were fed western type diet (WD) with or without 0.01%7KC. 

a) Observation of myocardial histology and determination of heart failure markers: H&E, Oil Red 

O, F4/80 staining were performed. Expression of proteins involved in NLRP3 inflammasome 

such as Caspase1, NLRP3, ASC, and IL1β were evaluated.  

b) Determination of cardiac mRNA and analysis of pathway by RNA-sequencing: Cardiac mRNA 

weas extracted and RNA-sequencing was performed. As heart failure markers, serum ANP / BNP 

concentration and Nppa / Nppb mRNA expression were determined. 

c) Evaluation of cardiac function: Cardiac function including left ventricular diastolic function 

and myocardial strain were evaluated by 7T-MRI. 

 

４．研究成果 

C57Bl/6 mice were injected STZ (160mg/kg) intraperitoneally (160mg/kg) and confirmed 

that the blood glucose levels were in the range of 200-350 mg/dL and that those had type 2 

diabetes two week after injection. Diabetic mice were fed high fat diet with or without 7KC for 

four or twelve weeks and sacrificed. In STZ-induced diabetic mice, oil Red O staining showed 

more and larger lipid droplets in WD+-KC. Lipid extraction analysis has demonstrated that 

triglycerides and free cholesterol were significantly increased in liver in WD+7KC group. Serum 

ALT and TNF-a were significantly increased in WD+7KC and F4/80 staining exhibited increased 

macrophages in WD+7KC. Pathway analysis by RNA sequencing demonstrated that several 

pathways, such as TNF signaling pathway were upregulated in WD+7KC. Importantly, in heart, 



inflammatory cytokine, IL-1b was upregulated in WD+7KC. In summary, dietary 

supplementation of 7KC accelerated cardiac inflammation through hepatic steatosis, 

inflammatory cell infiltration and fibrosis. 
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