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Turning up the NAD+-mitophagy axis 
to treat Alzheimer’s disease

The increase in the prevalence of individuals 
with Alzheimer’s disease (AD) combined with the 
lack of a cure calls for the development of novel 
therapies against AD (Canter et al., 2016). The key 
disease-defining pathological features of AD are 
the accumulation of extracellular amyloid-beta (Aβ) 
plaques (accompanied by increasing intracellular 
Aβ1–42) and higher intracellular neurofibril lary 
tangles, comprised mostly of hyperphosphorylated 
tau protein/pTau (Goedert, 2015; Hardy, 2017). It 
is evident that the elderly are more predisposed to 
develop AD, and thus aging is considered to be the 
primary risk factor for AD. By extrapolation, strategies 
that delay aging may also slow down (if not stop) AD. 

The Nicotinamide adenine dinucleotide (NAD+)-
mitophagy axis is compromised during aging. Working 
with Prof. Vilhelm Bohr at the National Institute 
on Ageing at the USA and colleagues, a series of 
our studies have shown that the key metabolite 
nicotinamide adenine dinucleotide (oxidized form 
NAD+) is reduced in common accelerated aging 
diseases, including xeroderma pigmentosum group A, 
ataxia telangiectasia, Cockayne syndrome (CS-A and 
CS-B), as well as in Werner syndrome. Importantly, 
NAD+ depletion is a key cause of pathological 
aging in these diseases (Fang et al., 2014, 2016, 
2019b; Scheibye-Knudsen et al., 2014). While NAD+ 
participates in many cellular pathways that link 
to neuronal protection and healthy longevity, we 
show a pivotal role for NAD+-induced mitophagy in 
longevity and neuroprotection. More specifically, the 
deacetylase SIRT1 uses NAD+ to deacetylate FOXO3 
and PGC1α, which are transcriptional regulators that 
upregulate different mitophagy genes, such as NIX/
BNIP3L (detailed mechanisms are in Fang (2019)). 
NAD+ regulates mitophagy, a cellular pathway that 
specifically recognizes and degrades damaged 
mitochondria (Fang, 2019). Indeed, this NAD+-
mitophagy axis is compromised unequivocally in the 
aforementioned diseases. Restoration of the NAD+-
mitophagy axis alleviates disease pathologies and 
extends healthspan and lifespan in animal models, 
suggesting a causative role for the NAD+-mitophagy 
axis in longevity (Fang et al., 2014; Waltz et al., 2017). 

In view of the fundamental role of the compromised 
NAD+-mitophagy axis in accelerating aging, we 
wondered whether the axis could also be relevant 
to the development of common age-predisposed 
d i s e a s e s  s u c h  a s  A D.  T h e  p h e n o m e n o n  o f 
accumulated mitochondria in AD has been noted for 
decades but the molecular mechanism that leads to 
such accumulation was not fully understood, with 
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Figure 1 ｜ A schematic of turning up the NAD+-mitophagy axis to treat AD. 
The structures of NAD+ and its precursors such as NR, NMN, and  NAM are presented (upper left). In addition to NAD+ 
replenishment, novel mitophagy stimulators (lower left) could also upregulate neuronal mitophagy, leading to inhibition 
of AD pathologies and memory loss in animal models of AD. AD: Alzheimer’s disease; NAM: nicotinamide; NMN: 
nicotinamide mononucleotide; NR: nicotinamide riboside. Part of the figure was created with BioRender. com.    

oxidative stress cited as the most probable cause. 
In 2017, we hypothesized that the accumulation of 
damaged mitochondria in AD could be caused by 
defective mitophagy (Kerr et al., 2017). In fact, our 
subsequent experimental studies indicated that 
mitophagy was dramatically reduced in post-mortem 
hippocampal tissues from AD patients as well as 
in both Aβ and pTau animal models of AD (Fang et 
al., 2019a). In accelerated aging and Alzheimer’s 
disease, the NAD+-mitophagy axis is compromised 
likely due to increased NAD+ consumption (via Poly 
(adenosine diphosphate-ribose) polymerases and 
CD38) and reduced production. In line with these 
findings, NAD+ repletion repaired AD pathologies, and 
retained learning and memory in AD mice (Fang et 
al., 2019a; Figure 1). As NAD+ is reduced in normal 
aging brains, and age is the primary driver of AD, it 
is presumed that NAD+ reduction in AD could be at 
least significantly contributed to aging. Consequently, 
we hypothesize that NAD+ supplementation could be 
considered to treat early-onset AD with the clinical 
trial validation necessary.     

In addition to NAD+, other mitophagy inducers 
also show anti-AD potential. These compounds are 
actinonin (a naturally occurring antibacterial agent) 
and Urolithin A (Fang et al., 2019a). Very recently, we 
identified two robust mitophagy inducers, Kaempferol 
and Rhapontigenin, from a large natural compounds 
library through the combination of machine learning-
based virtual screening and cross-species platform-
supported wet lab validation (Xie et al., 2022; Figure 
1). Kaempferol and Rhapontigenin inhibited memory 
loss and pathologies in both Aβ and pTau animal 
models of AD (Xie et al., 2022). The mechanisms 
behind how Kaempferol, Rhapontigenin, Urolithin 
A, and Actinonin inhibit AD pathology may work by 
directly turning up mitophagy, rather than through 
activation of the ‘NAD+-mitophagy axes’. 

Our cross-species experimental models consistently 
support a causative role for a compromised NAD+-
mitophagy axis in accelerated aging (as well as normal 
aging), likely forming a risk factor for AD. Strategies such 
as restoration of tissue NAD+ levels via augmentation 
of NAD+ precursors (such as nicotinamide riboside, 
nicotinamide mononucleotide, and nicotinamide) and 
mitophagy stimulation hold potential for clinical trials 
as the treatments against AD.    
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