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Nicotinamide phosphoribosyltransferase
contributes to cocaine addiction through sirtuin 1
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Abstract: Drug addiction is a persistent mental iliness and there is no effective treatment. The precise mechanisms
underlying addictive responses have not been completely understood, although ion channels, neurotransmitters
as well as their receptors, and intracellular endogenous molecules in the brain have been shown to play important
roles in cocaine addiction. Nicotinamide phosphoribosyltransferase (NAMPT) is an important rate-limiting enzyme
found throughout the body that converts the intracellular pool of nicotinamide adenine dinucleotide (NAD) into nico-
tinamide mononucleotide (NMN). It reveals a critical role in physiological and pathophysiological conditions such
as NAD biosynthesis, aging, inflammation, obesity, diabetes, stroke, motor dysfunction, and cancer. A recent study
published in Experimental Neurology by Cen group demonstrated that NAMPT contributes to cocaine reward through
sirtuin 1 (SIRT1) signaling in the brain ventral tegmental area. Thus, targeting NAMPT/SIRT1 signaling pathway may

provide a promising therapeutic strategy against cocaine addiction.
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Introduction

Drug addiction is a major precursor to leading
causes of death such as suicide and overdose
[1, 2]. Researches on epigenetic and environ-
mental factors that contribute to drug addiction
have grown exponentially over the past decade,
specifically over the brain reward system in
drug addiction [3, 4]. Cocaine is a notorious
addictive substance that manipulates this
reward pathway through an accelerated build-
up of dopamine and other neurotransmitters
which lead to feelings of euphoria and eventual
craving [5, 6]. Nicotinamide phosphoribosyl-
transferase (NAMPT) is a rate-limiting enzyme
in mammalian nicotinamide adenine dinucleo-
tide (NAD) biosynthesis and regulates various
NAD converting enzymes such as sirtuins (SIRT)
[7, 8]. NAMPT is found throughout the body;
imbalances and dysfunction of NAMPT were
well-associated with disorders such as cancer,
diabetes, and stroke [9-11]. Although, NAMPT
plays a critical role in stroke as well as motor
dysfunction in the brain and spinal cord [12,
13], whether it also contributes to psychologi-

cal diseases such as drug addiction in the brain
remains uncertain.

Upregulation of NAPMT in cocaine reward

A recent study reported in Experimental Ne-
urology by Kong et al., suggested that NAMPT
regulates the dopaminergic stimulation of co-
caine through sirtuin 1 (SIRT1) [14]. The stu-
dy showed that the protein level of NAMPT
was significantly upregulated in the ventral teg-
mental area (VTA) and nucleus accumbens
(NAc) of cocaine conditioned mice as compared
to saline-conditioned mice. Other brain areas
were also tested but not found to have a sig-
nificant upregulation in NAMPT including the
prefrontal cortex, hippocampus, and striatum,
which are also involved in the cocaine addic-
tion. Genetic manipulation of NAMPT was stud-
ied to further examine NAMPT upregulation
when overexpression of NMAPT during cocaine-
conditioning. This was done through a bilateral
injection in the VTA of mice by lentivirus vectors
(LV) with either NAMPT or green fluorescent pro-
tein. Ultimately, LV-NAMPT-treated mice had a
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more significant cocaine conditioned place pre-
ference (CPP) than saline-treated mice. FK866,
a well-known NAMPT inhibitor, was micro-inject-
ed into the VTA and it showed a significant
downregulation of protein level of NAD and nic-
otinamide mononucleotide (NMN) in the VTA of
cocaine-conditioned mice. The authors also
bilaterally injected NMN into the VTA of mice 30
minutes after the NAMPT inhibitor FK866 was
infused. They found that NMN supplementation
clearly decreased the inhibitory effect of FK866
on cocaine reward, suggesting the feedback
role of NMN in NAMPT. Therefore, they hypoth-
esized that NAMPT may participate in cocaine
reward through the NAD/SIRT1 signaling path-
way. Consistent with this finding, they further
altered NAMPT expression or function in the
VTA through the aforementioned processes
(i.,e. NMN supplementation, FK866 introduc-
tion, etc.) and then measured SIRT1 expres-
sion. As a result, intraperitoneal injection of
FK866 and intra-VTA injection of FK866 were
found to have a significant downregulation of
SIRT1 expression, whereas NMN supplementa-
tion and LV-NAMPT treatment upregulated
SIRT1 expression. Furthermore, VTA-specific
inhibition of NAMPT significantly attenuated
cocaine-induced CPP in wild-type (WT) mice,
but this effect was almost completely abolish-
ed in SIRT1 VTA-knock-out (KO) mice. More-
over, LV-NAMPT-treated WT mice developed a
more robust cocaine-induced CPP compared to
SIRT1 VTA-KO mice. Collectively, this data sug-
gest that NAMPT may participate in cocaine
reward through the upregulation of NAMPT/
NAD/STRT1 signaling pathway [14]. Thus, tar-
geting this pathway may provide a novel strate-
gy for combating cocaine addiction.

Perspective

Although there is a growing body of studies
related to NAMPT as one of the key factor for
therapeutic target against stroke and cancer
[9-11], present study by Kong et al., uniquely
links NAMPT and SIRT1 pathway to cocaine
addiction, and opens a new avenue for under-
standing of mechanism of cocaine addiction
and drug discovery for treatment of drug addic-
tion. In the present studies, the authors mainly
focused on the VTA, which dopamine cells are
widely expressed in this region. Further studies
may need to explore another important brain
region, NAc, in cocaine addiction and investi-

gate the role of NAc in NAMPT/NAD/SIRT1 sig-
naling pathway in cocaine-conditioned mice.
Because both the VTA and NAc are the two criti-
cal structures to receive afferent input from
multiple brain regions which may affect dopa-
minergic circuits [15, 16]. For example, dopa-
mine receptors on medium spiny neuron of NAc
have been demonstrated to be responsible for
cocaine reward and aversion [17, 18]. Further,
the behavioral measurement of CPP was used
to monitor cocaine reward in the present study,
however, self-administration model of cocaine
addiction will be another important measure
for drug addiction and reinforcement. Moreover,
whether drug withdraw symptom also links to
brain NAMPT needs to be determined in the
future study.

In addiction to brain region and behavioral
model conducted in the present studies, spe-
cific inhibitor of NAMPT was also applied.
Present studies focused on FK866 inhibition of
NAMPT to test their hypothesis. FK866 is high-
ly specific noncompetitive inhibitor of NAMPT
[19], which is currently under phase Il clinical
trials. This study opens the door to understand-
ing the NAMPT/SIRT1 pathway in cocaine
reward with other NAMPT inhibitors such as
CHS-828 which is also in clinical trials [20]. It
is necessary to test the role of CHS-828 in
cocaine-treated mice in the future. Further-
more, a recent discovery of a similar NAMPT
inhibitor called trans-3-(pyridin-3-yl) acrylami-
de-derived sulfamide [21] could potentially be
used as a target to see if the NAMPT/SIRT1
pathway responds in a similar fashion in co-
caine addiction as what was seen with FK866
in the present study.
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