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研究成果の概要（和文）：CD38はNAD+を分解する酵素であり、その発現量は老化によって増加する。また老化に
伴うNAD+量の減少は骨格筋におけるサテライト細胞の筋芽細胞への分化を阻害することによって骨格筋修復を抑
制する。そこで、本研究ではCD38の阻害がNAD+量の維持を介して骨格筋修復過程を改善すると仮定し研究を行っ
た。
CD38の阻害剤はC2C12におけるNAD量を増加させ、筋芽細胞への分化を促進することを見出した。また、CD38の遺
伝子欠損は老化マウスにおける骨格筋修復過程の低下を改善した。以上の結果から、CD38の阻害はNAD量の増加
を介して骨格筋修復に有効であることが明らかになった。

研究成果の概要（英文）：CD38 is NAD+ consuming enzyme that degrade NAD+ and its expression decreases
 with aging. CD38 is reported to contribute to the aging-related sterile inflammation and impairs 
systemic insulin sensitivity in aged mice. In addition, aging-induced decline in NAD+ impair 
skeletal muscle regeneration by inhibiting muscle stem/satellite cells differentiation into myoblast
 and myofibers. Therefore, we hypothesized that that inhibition of CD38 would improve the skeletal 
muscle repair process through maintenance of NAD + levels. In this study, we found that 
administration of 78c (CD38 inhibitor) enhances NAD+ levels in C2C12 myoblast and also improve 
differentiation of myoblasts. Further, deletion of CD38 in aged mice enhances muscle stem/satellite 
cells differentiation and promotes myogenesis. Taken together, we show that inhibition of CD38 
improves muscle stem cell functions and ameliorates aging-related decline in muscle 
recovery/regeneration. 

研究分野： Pharmacology

キーワード： Stem cell　Immune cells　Myogenesis　Pharmacology
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令和

研究成果の学術的意義や社会的意義
Clinical importance of inhibition of CD38 may serve as best therapeutic tool for patients suffering 
from muscle wasting disorder and age-related muscle disorders. Metabolic reprogramming in immune 
cells or muscle stem cells could open a new field to boost the regenerative process.

※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 
 

Muscle regeneration is a complex process and requires coordination of various cells including 

muscle stem/satellite cells, fibro-adipogenic progenitors (FAPs), endothelial cells, and immune 

cells. Immune cells (macrophages) indeed play a critical role in the muscle recovery process after 

injury. Macrophages are critical for regenerative process. Macrophage-derived NAMPT and 

glutamine are reported to interact with satellite cells and boost muscle recovery process. NAD+ 

is a key molecule regulating energy metabolism in mitochondria, and age-related loss of NAD+ 

also delayed the recovery of muscle after injury.  

CD38 is an enzyme to degrade NAD+ and its increased expression during aging results in 

reduction of NAD+ levels. Conversely, CD38 knockout mice manifests increased NAD+ levels. 

How pharmacological or genetic blockage of CD38 affects muscle stem/satellite cells and muscle 

regeneration in aged mice remains unknown. Thus, I hypothesized that inhibition of CD38 in M1 

macrophages are important to maintain NAD+ levels and energy metabolism in mitochondria. In 

this study, I tried to elucidate the role of CD38-positive macrophages and NAD+ metabolism in 

muscle regeneration process in aged CD38 knockout mice and metabolomics analysis. 

 
２．研究の目的 
 

To elucidate the role of CD38 and NAD+ metabolism in macrophages during recovery of muscle 

after injury in aged mice 

 
 
３．研究の方法 

In vitro and ex vivo analysis; C2C12 and primary cells were treated with 78c (CD38 inhibitor) to 

see its effects on differentiation of myoblast. Next, I utilized in vivo mice model to further explore 

role of CD38 in the regulation of muscle regeneration. Young and old CD38 KO mice were 

subsequently injected with cardiotoxin (CTX) to introduce the muscle injury. After CTX injection, 

muscles were harvested and histological analysis was performed.  

 
 
 
４．研究成果 



Our initial results showed that CD38 was exclusively expressed on macrophages and its 

expression was significantly induced by LPS administration to the bone marrow-derived 

macrophages. We found that NAD+ is required for C2C12 myoblast differentiation. CD38 is 

reported to degrade NAD+ and this reduction in NAD+ might affects myoblast differentiation. 

We treated C2C12 myoblast with 78c and found that 78c treatment significantly enhanced NAD+ 

levels in myoblast and it enhanced differentiation of myoblast into myofibers. Similarly, 

pharmacological inhibition of CD38 significantly enhanced NAD+ levels in primary myoblast 

and also induced differentiation of myoblast into myofibers. Gene expression analysis further 

confirmed significant upregulation in the expression of myogenesis-related marker genes in the 

78c-treated primary myoblast. Immunofluorescence analysis further revealed significant increase 

in the number of MyoD+ cells in 78c-treated primary myoblast.  

Next, I utilized CD38 KO mice and analyzed effects of genetic deletion of CD38 in cardiotoxin-

induced muscle injury. Consistent with previous reports, CD38 KO manifests higher levels of 

NAD+ in both injured and health muscle. Next, we examined how deletion of CD38 affects 

recovery process and found that genetic deletion of CD38 had minimal or no effects on 

myogenesis and muscle regeneration in young mice. While significant improvement in muscle 

regeneration was observed in aged mice (as confirmed by RT-PCR and histological analysis). We 

found increased number of regenerating myofibers in the muscle of aged CD38 KO compared 

with their littermate control mice. Gene expression analysis revealed an upregulated expression 

of myogenesis-related genes including MyoD, and MyoG in the muscle of aged mice (7-day post 

injury).  

Aging-induced decline in NAD+ is reported to contribute to delayed muscle regeneration. 

Previous reports show that aging disrupts secretion of Wisp1 from fibro-adipogenic progenitors 

(FAPs) and results in impaired muscle regeneration. Interestingly, we found upregulated 

expression of Wisp1 in muscle of aged CD38 KO mice, suggesting that genetic blockage of CD38 

may improve functions of FAPs to secrete Wisp1, thereby boosting satellite cells functions and 

muscle regeneration. Furthermore, we found that deletion of CD38 significantly reduces fibrosis 

of muscle in aged mice. Our study showed that aging-induced decline in muscle regeneration can 



be restored by blockage of CD38. Taken together, we show that aging-related decline in muscle 

stem cell functions and muscle regeneration can be rescued through inhibition of CD38.  
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