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研究成果の概要（和文）：私どものデータは、M2マクロファージでNamptを欠損させたトランスジェニックマウ
スはインスリン抵抗性であり、血糖値が上昇することを示した。さらに、M2マクロファージレセプターを欠損さ
せたトランスジェニックマウスを用いて実験を行ったところ、内臓白色脂肪組織における炎症性遺伝子の発現が
減少し、インスリン感受性を示した。私の興味は、高脂肪食負荷条件下でインスリン抵抗性をもたらす、マクロ
ファージのシフト／スイッチングを制御する根本的な分子メカニズムを調べることである。これによって、肥満
や2型糖尿病を治療するための、根本的な制御メカニズムを探ることができると考えている.

研究成果の概要（英文）：My data showed that transgenic lacking Nampt in M2 macrophages were insulin 
resistant, with blood glucose levels. Then, I utilized another transgenic mouse lacking M2 receptors
 that were insulin-sensitive with reduced expression of the inflammatory genes in visceral white 
adipose tissue. This data further suggests that M2 macrophages are actively involved in regulating 
glucose metabolism through phenotypic switching. My focus is to investigate the underlying molecular
 mechanism that regulates these shifting/switching of macrophages, resulting in insulin resistance 
under high-fat diet-fed conditions. Furthermore, I am generating other M2-related transgenic mice to
 knock down the M2 signaling conditionally. This will further help me to explore the underlying 
regulatory mechanism for the treatment of obesity and type 2 diabetes.

研究分野： Obesity induced type 2 diabetes
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研究成果の学術的意義や社会的意義
本研究では、肥満に関連したNAD+の減少とNamptの欠乏が、全身の耐糖能とインスリン感受性を悪化させ、一方
で、NAD+の増加が代謝障害を回復させることを示唆している。このメカニズムは、肥満に関連した2型糖尿病の
治療に対する新しい戦略を切り開く可能性を持つ。

※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 
Obesity is characterized by chronic low-grade inflammation, oxidative stress, increased reactive 

oxygen species (ROS), and DNA damage, impairing various physiological functions. 

Macrophages play an integral role in the development of obesity-induced insulin resistance. 

Obesity induces polarization of macrophages from anti-inflammatory M2 to pro-inflammatory 

M1 macrophages, thereby causing insulin resistance. Immunometabolism of macrophages also 

contributes to the development of insulin resistance. Activation of M1 macrophages uses the 

glycolytic pathway, reduces oxidative phosphorylation, and produces ROS, whereas enhanced 

fatty acid (FA) utilization and increased mitochondrial respiration with an intact tricarboxylic acid 

(TCA) cycle were observed in M2 macrophages. M2 macrophages require TCA, whereas M1 

macrophages require glycolysis to fulfill their energy demands. Nicotinamide adenine 

dinucleotide (NAD+) is reported to play an important role in the immunometabolism of 

macrophages. It is reported that cell-autonomous generated NAD+ regulated immune function 

during aging and inflammation. In mammalian cells, NAD+ is predominantly synthesized through 

the salvage pathway, requiring nicotinamide phosphoribosyltransferase (Nampt) (a rate-limiting 

enzyme). Macrophage-specific de novo NAD+ synthesis restored oxidative phosphorylation and 

homeostatic immune responses during aging and inflammation. It has been reported that Nampt 

plays an important role in the polarization of immune cells, i.e., M1 and M2 macrophages.   

２．研究の目的 
The purpose of this was to investigate the role of NAD+ in the regulation of immunometabolism 

of M2 macrophages during the development of diet-induced obesity. My preliminary data showed 

that Nampt is highly expressed in bone marrow-derived M2 macrophages. However, the effect of 

Nampt-dependent NAD+ metabolism in M2-like tissue-resident macrophages on adipocyte 

progenitors has not been elucidated. Further, the effect of the gain- or loss-of-function of Nampt 

in M2-like macrophages on the fate of adipocyte progenitors (APs) during the progression of 

obesity is also unclear. 

３．研究の方法 
To investigate the physiological role of NAD+ in the regulation of immunometabolism of M2 

macrophages during the development of diet-induced obesity, we generated a transgenic mouse 

model in which Nampt was conditional knock-out from M2 macrophages by targeting CD206+ 

M2 macrophages. Then I investigate the weight gain and tissue weight in response to high-fat diet 

(HFD) for 8 weeks. Then, I performed a glucose tolerance test (GTT), insulin tolerance test (ITT), 

gene expression analysis, etc.  

４．研究成果 
After the successful generation of genetically engineered M2- macrophage-specific Nampt 

knock-out (KO) transgenic mice, I found that tamoxifen (TAM) administration did not affect the 

body weight of the chow-fed mice. After the administration of TAM, I performed GTT and ITT. 

My data showed that there is no significant difference between CD206-specific Nampt-KO mice 

and control mice (fig.1). 



 

 

 

 

 

 

 

 

 

Then these mice were put on HFD. In consistent with my hypothesis, Nampt-KO mice gain more 

body weight compared to the control mice (fig.2). This data strongly suggested that CD206+ 

macrophages regulated diet-induced obesity or weight gain via Nampt-derived NAD+. However, 

the underlying molecular mechanism is unknown.  

After 8 weeks of HFD-feeding, I found that Nampt-

KO gain more body weight compared to their 

control mice (fig.3). I have performed ipGTT. My 

data showed that Nampt-KO mice worsen glucose 

metabolism compared to their control of floxed mice 

(Fig 4). My data showed that metabolism in 

CD206+ macrophages derived Nampt regulates the 

glucose metabolism in obese mice. However, how CD206+ macrophages phenotypically behave 

in Nampt-KO mice is to be under investigation.  

 

 

 

 

 

 

 

 

 

Next, I will perform iTT of these mice and will harvest the tissue after sacrificing the mice. I will 

perform immunohistochemistry, RNA extraction, western blotting, flow cytometry, and the qPCR 

of FACS-sorted CD206+ macrophages to elucidate the underlying mechanism. I will also perform 

single-cell RNA sequencing. 

Up till now, the data suggests that by targeting CD206+ derived Nampt in the adipose tissue, 

adipose tissue metabolism can be improved. This novel mechanism will open a novel strategy for 

the treatment of obesity-related type 2 diabetes. This data suggests that obesity-related decline in 

NAD+ and Nampt deficiency deteriorate systemic glucose tolerance and insulin sensitivity, while 

NAD+ boosting therapy restores this metabolic disturbance. Next, I am to utilize another 

transgenic mouse that lack the Mrc1 receptor, a receptor expressed in most M2 macrophages. This 

will help to elucidate underlying mechanisms in more detail.  
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