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E D I T O R I A L

Targeting on the NAD+-mitophagy axis to treat cardiovascular 
disease

1  | INTRODUC TION

In view of the recent finding of impaired NAD+-mitophagy axis in 
the cardiovascular disease-predisposed Werner syndrome,1 we here 
discuss the application of such discovery in general age-predisposed 
cardiovascular disease.

2  | C ARDIOVA SCUL AR DISE A SE IS A 
MA JOR BURDEN IN THE ELDERLY

Cardiovascular disease (CVD) is the leading cause of death world-
wide, responsible for over 30% (approximately 18 million) of all 
deaths in 2016 (World Health Organization). Vascular dysfunction 
resulting from atherosclerosis, thrombosis or high blood pressure 
is a common cause of CVD, which compromises organ function.2-4 
Ageing and inflammation are the principle drivers of vascular dis-
eases, including the development and clinical manifestations of ath-
erosclerosis. Atherosclerosis is a progressive inflammatory disease 
characterized by accumulation of cholesterol-laden lipoproteins 
in the arterial vessel wall.4 The molecular mechanisms underlying 
atherosclerosis pathogenesis are not fully understood with current 
therapeutic interventions not satisfactory.

3  | IMPAIRED NAD +-MITOPHAGY A XIS 
LINKS TO C ARDIOVA SCUL AR DISE A SE

Mitochondrial dysfunction plays a major role in atherosclerosis eti-
ology.4 Mitochondria are considered as the “powerhouses” of cells 
that play a critical role in developmental and adult neuroplasticity and 
neuronal survival.1,5 There is a strong association between increased 
production of mitochondrial reactive oxygen species (ROS), accumu-
lation of mitochondrial DNA damage, respiratory chain dysfunction 
and atherosclerosis.3,4 Thus, efficient cellular clearance of damaged 
mitochondria through mitochondrial specific autophagy, termed mi-
tophagy, plays a fundamental role in maintaining mitochondrial ho-
meostasis and health. Autophagy is a unique membrane trafficking 
process where double-membraned phagophores engulf damaged 
subcellular organelles and other components for lysosomal digestion 

and recycling of nutrients. Emerging evidence highlights a pivotal role 
of autophagic flux in maintaining normal vessel wall biology, while 
defective autophagy may be a common cause of vascular ageing and 
the development of associated pathologies.3 We and others have 
demonstrated an age-dependent dysregulation of mitophagy, which 
is implicated in the etiology of accelerated ageing and neurological 
disorders.1,5 However, the role of mitophagy in vascular homeostasis 
and atherosclerosis is poorly understood. It is unclear whether there 
is a cause-consequence relationship between age-dependent dys-
regulation of mitophagy, vascular malfunction and atherosclerosis.

In the conditions of normal ageing and possible pathological 
ageing (e.g. Werner syndrome/WS), there are impaired mitophagy 
(or macro-autophagy), reduced vessel tissue-resident endothelial 
stem cells (ESCs), and reduced blood flow. Each of the three im-
pairments further induces endothelial dysfunction, inflammation, 
and may finally lead to atherosclerosis. Targeting on the resto-
ration of the NAD+-mitophagy axis may inhibit disease progression. 
Abbreviations: NAD+, nicotinamide adenine dinucleotide; WRN, 
Werner; MiDAS, mitochondrial dysfunction-associated senescence; 
YAP, Yes-associated protein; TAZ, transcriptional coactivator with 
PDZ-binding motif; JNK, c-Jun N-terminal kinase.

Our recent findings in the roundworm C. elegans and fly Drosophila 
model of accelerated ageing, namely Werner syndrome (WS), as a re-
sult of mutations of the gene which encodes the DNA repair protein 
Werner (WRN), implicate a causative role of mitophagy dysregula-
tion in WS, which was verified in human samples of WS.1 In particular, 
we identified accumulation of damaged mitochondria and defective 
mitophagy in WS due to DNA damage-induced nicotinamide ade-
nine dinucleotide (NAD+) depletion; and NAD+-induced mitophagy 
enhances mitochondrial quality and fat metabolism that coincides 
with inhibition of accelerated ageing in the WS animal models.1 WS 
is an important model to study the mechanisms of age-related meta-
bolic and vascular diseases in view of significant clinical phenotypes 
of insulin-resistant diabetes, hypertension, dyslipidemia and athero-
sclerosis resembling normal human ageing.1 Indeed, atherosclerotic 
vascular diseases, such as myocardial infarction, is a primary cause 
of death of WS patients.6

The mitophagy inducer NAD+ is a fundamental molecule neces-
sary for all living organism.5 NAD+ levels decline in an age-depen-
dent manner.1,5 It is a necessary cofactor for many key metabolic 
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pathways, including glycolysis, tricarboxylic acid (TCA) cycle, fatty 
acid β-oxidation, and mitochondrial oxidative phosphorylation 
(OXPHOS).5 Furthermore, NAD+ is also a coenzyme for at least 
three groups of proteins, including cyclic ADP-ribose synthases, 
poly(ADP-ribose) polymerases (PARPs), and deacetylases from the 
sirtuin family (SIRTs).5 With the growing interest in NAD+ in healthy 
ageing, it seems that NAD+ affects broad organ systems and modu-
lates an expanding list of disease processes. We recently proposed 
that the NAD+-mitophagy axis plays a fundamental role in main-
taining healthy ageing and neuroprotection.5 Moreover, a recent 
study shows that NAD+ boosting inhibits age-dependent endothelial 
dysfunction, leading to improvement of neovascularization, blood 
flow, and increased mobility and endurance of aged mice.7 The in-
tegrin-YAP (Yes-associated protein)/TAZ (transcriptional coactivator 
with PDZ-binding motif)-JNK (c-Jun N-terminal kinase) cascade is a 
newly discovered pathway which mediates atheroprotective effects 
of unidirectional shear flow.2

Based on current literature and our unpublished data, we pro-
pose an age-dependent impairment of mitophagy causes endothelial 
dysfunction, metabolic imbalance, inflammation, as well as senes-
cence, collectively contributing to atherosclerosis; accordingly, tar-
geting on the NAD+-mitophagy pathway may provide a therapeutic 
strategy for CVD, including the reduction of the occurrence of ath-
erosclerosis (Figure 1).

4  | CONCLUSIONS AND FUTURE 
PERSPEC TIVES

NAD+ maintains a broad metabolic homeostasis and protects against 
age-dependent endothelial dysfunction and may provide novel pre-
ventive/therapeutic strategies in pathological and normal vascular 
ageing-associated atherosclerosis. Further animal and clinical stud-
ies to verify such NAD+-dependent benefits are necessary.
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F I G U R E  1   A schematic hypothesized mechanism of ageing in atherosclerosis and a possible therapeutic strategy targeting on the 
restoration of the NAD+-mitophagy axis
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