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Introduction
Nicotinamide phosphoribosyltransferase (NAMPT) was cloned by 

Samal and his colleagues in 1994 from activated human peripheral 
blood lymphocytes during their attempt to discover new factors for 
the earliest events in B-cell development [1]. The first NAMPT cDNA 
was screened out from those activated lymphocyte cDNA libraries 
using a degenerate oligonucleotide probe, which was designed on 
the basis of the similarity in the coding sequences of GM-CSF, IL-2, 
IL-1β, IL-6 and IL-13 at the signal peptidase processing site. NAMPT 
was initially named pre-B-cell colony enhancing factor (PBEF) after its 
function to promote pre-B-cell colony formation in the presence of 
stem cell factor plus interleukin 7. In the following ten years, PBEF 
received little notice. By 2004, only about 20 articles on PBEF were 
published in the literature. However, PBEF has garnered increasing 
attention in recent years due to accumulating evidence indicating 
that PBEF is a pleiotropic protein such as a growth factor, a cytokine, 
an enzyme and a visfatin. Until Dec 5, 2010, 712 publications have 
appeared in Pub Med when searched with key words: NAMPT OR 
pbef OR visfatin. To avoid the confusion, the name NAMPT will be 
used throughout this review since the NAMPT was approved as the 
official name of this gene by the Human Genome Organization Gene 
Nomenclature Committee. Because of NAMPT’s multiple functions in 
a variety of physiological processes, their dysregulations have been 
implicated in the pathogenesis of a number of human diseases or 
conditions such as acute lung injury, aging, atherosclerosis, cancer, 
diabetes, rheumatoid arthritis and sepsis. This review will cover the 
current understanding of NAMPT structure and functions with an 
emphasis on recent progress of NAMPT’s pathological roles in various 
human diseases and conditions. Future directions on exploring Terra 
incognita will be offered in the end.  

NAMPT structure

This section covers the NAMPT structure in three parts: Gene, 
mRNA and Protein. The regulatory components in the NAMPT gene 
promoter, evolutionary conservation of the coding sequence and 
some featured single nucleotide polymorphisms [SNP] in the NAMPT 
gene are described in the first part.  mRNA species, isoforms and tissue 
distributions are recounted in the second part. The characteristics 
of the primary, secondary and three dimensional structure of the 
NAMPT protein are detailed in the third part.

Gene: The human NAMPT gene spans a length of 36,908 bp on 

the position of chromosome 7:105, 675, 967-105,712, 874 according 
to the Human March 2006 Assembly on the University of California 
Santa Cruz Genome Browser. The NAMPT structural gene part is 
composed of 11 exons and 10 introns, which encodes 491 amino 
acids. Exon 1 encodes a short 5’-untranslated region and the signal 
peptide region, whereas exon 11 encodes the carboxyl end of the 
NAMPT protein and all of the 3’ untranslated region. The GT and AG 
consensus splice junction sequences were well conserved at all of the 
exon/intron boundaries. The analysis of the regulatory gene part at 
the 3.2 kb 5’-flanking region upstream of the transcription initiation 
site revealed two segments: the proximal 1.4 kb is more GC rich (60% 
GC), whereas the distal 1.6 kb has more AT bases (60% AT) [2]. Within 
the proximal region there is an extremely G+C-rich segment (72% 
GC) spanning the first 500 bp upstream of the major transcription 
initiation site, which lacks canonical TATA and CAAT boxes and 
contains several transcription initiation sites. In the distal region, 
however, several CAAT boxes and TATA-like and initiator sequences 
were found about 2 kb upstream from the transcription initiation 
site. This distal segment may act as a distal promoter. Several types 
of putative regulatory elements were identified. Multiple SP1 binding 
sites (GC-boxes) were found all along the 5’-flanking region; 12 of 
these were located at the predicted proximal promoter region. The 
binding sites for ubiquitous transcription factors such as the CCAAT/
nuclear factor 1, AP-1 and AP-2 were also identified. The binding sites 
for NF-1 were concentrated in the putative distal promoter region, 
those for AP-2 were mainly in the proximal promoter region, and 
AP-1 sites were uniformly distributed. In addition, the hormonally 
and chemically responsive regulatory elements, which include the 
binding sites for the glucocorticoid receptor, corticotropin releasing 
factor, cAMP response element binding protein and the nuclear 
factors such as NF-IL6, were present in both proximal and distal 
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Abstract
Nicotinamide phosphoribosyltransferase (NAMPT) was first reported as a pre-B-cell colony enhancing factor in 

1994 with little notice, but it has received increasing attention in recent years due to accumulating evidence indicating 
that NAMPT is a pleiotropic protein such as a growth factor, a cytokine, an enzyme and a visfatin. Now, NAMPT has 
been accepted as an official name of this protein. Because of NAMPT’s multiple functions in a variety of physiological 
processes, their dysregulations have been implicated in the pathogenesis of a number of human diseases or conditions 
such as acute lung injury, aging, atherosclerosis, cancer, diabetes, rheumatoid arthritis and sepsis. This review will cover 
the current understanding of NAMPT’s structure and functions with an emphasis on recent progress of nicotinamide 
phosphoribosyltransferase’s pathological roles in various human diseases and conditions. Future directions on exploring 
its Terra incognita will be offered in the end.  
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promoter regions. NF-κB, another hormonally responsive element, 
was present only in the distal promoter region. Analysis of the 
introns showed the presence of the NF-κB binding site (GGGAGGCCC) 
localized in the third intron, whereas introns 5, 8, 9 and 10 had NF-κB 
-like elements (GGGAGGCXX) present. Another group of regulatory 
elements that bind tissue specific transcription factors, such as liver 
factor-1 and hepatic nuclear factors were also identified. However, 
the sequence motif ‘GPuGPuTTPyCAPy’ – which is well conserved in 
the 5’-flanking regions of hematopoetic cytokines including IL-2, IL-3, 
granulocyte-macrophage colony-stimulating factor and granulocyte-
colony stimulating factor and is considered a diagnostic feature – was 
not present in the NAMPT gene. 

The coding sequence of the NAMPT gene is highly conserved 
through evolution and the mammalian gene was found to be 
active in a prokaryotic host [3]. Significant sequence homology has 
been shared among prokaryotic organisms such as the bacterium 
Haemophilus ducreyi, primitive metazoan such as a marine sponge 
and humans [4]. Amino acid sequence alignment revealed that the 
canine NAMPT protein sequence is 96% identical to human and 94% 
identical to murine and rat counterparts [5]. This suggests that the 
gene is evolutionarily highly conserved and it must be important 
to life. Indeed, the homozygous Nampt gene knockout mouse 
is embryonically lethal [Ye et al., unpublished observation]. The 
pleiotropic functions of NAMPT in human physiology will be reviewed 
in the section: NAMPT Function. 

The most common variations in genes are single nucleotide 
polymorphisms (SNPs), which are valuable to facilitate large-scale 
association genetics studies to associate sequence variations with 
heritable phenotypes. Therefore, there is a growing interest in SNP 
discovery and detection for each gene. As of December 3, 2010, 
dbSNP Build 132 [http://www.ncbi.nlm.nih.gov/SNP] reports that 
there occurs 411 SNPs in the human NAMPT gene. There is a G→A 
SNP which causes a coding synonymous mutation at Serine 301. No 
coding non-synonymous SNPs including nonsense, missense and 
frame shift mutations have been reported. Nearly half of references 
SNPs have been reported in the intron regions. There is an A→T SNP 
at the position of NAMPT mRNA 295 at the 5’untranslated region. 
There are numbers of SNPs at the 3’untranslated region. It should 
be pointed out that many of these SNPs in the dbSNP have not been 
validated with the population data. Functional consequences of 
most of these SNPs are currently unknown. Ye et al. [6] reported 11 
SNPs in the human NAMPT gene proximal promoter by direct DNA 
sequencing from 36 people. They genotyped 2 SNPs in a Caucasian 
population and found that carriers of the haplotype GC from SNPs 
T-1001G and C-1535T (C-1535T was mislabeled as C1543T in the 
original publication) in the human NAMPT gene promoter had a 
7.7-fold higher risk of acute respiratory distress syndrome(ARDS) 
while the haplotype TT represented a protective haplotype to ARDS.  
These observations were confirmed and extended by Bajwa et al. 
[7], who found that the NAMPT T-1001G variant allele and related 
haplotype are associated with increased odds of developing ARDS 
and increased hazard of intensive care unit mortality among at-risk 
patients, whereas the C-1535T variant allele and related haplotype are 
associated with decreased odds of ARDS among patients with septic 
shock and better outcomes among patients with ARDS. These works 
support that NAMPT is a genetic marker in ARDS. A few other studies 
also surveyed the association of some SNPs in the NAMPT gene with 
other human conditions or traits. Johansson et al. [8] found that the 
NAMPT G-948T gene polymorphism is associated with increased 
high-density lipoprotein cholesterol in obese subjects. Tokunaga et 

al. [9] reported that the -1535T/T genotype was associated with lower 
serum triglyceride levels and higher HDL-cholesterol levels in the 
non-diabetic Japanese subjects. Bailey et al. [10] in the Quebec Family 
Study found a significant association between two SNPs (rs9770242 
and rs1319501), in perfect linkage disequilibrium, and fasting insulin 
and glucose levels. A more distal SNP (rs7789066) was significantly 
associated with the apolipoprotein B component of VLDL. Jian et al. 
[11] noticed significant associations between three SNP loci: -1535C/
T, rs2058539 and rs10953502 and plasma glucose concentration at 
0 and 120 min during oral glucose tolerance tests, the area under 
the response curve for plasma glucose, and triglyceride and total 
cholesterol levels in a Chinese population. Böttcher et al. [12] 
presented that the ratio of visceral/subcutaneous visfatin mRNA 
expression was associated with all three genetic polymorphisms 
(rs9770242, -948G-->T, rs4730153). Moreover, the -948G-->T 
variant was associated with 2-h plasma glucose and fasting insulin 
concentrations in nondiabetic Caucasian subjects in Germany.

mRNA: Three NAMPT mRNA species, about 4,000, 2,400 and 
2,000 bp each, were detected in human tissues by northern blot 
analysis [1, 2]. According to Aceview [13], a comprehensive cDNA-
supported gene and transcripts annotation [http://www.ncbi.nlm.
nih.gov/IEB/Research/Acembly/], human NAMPT gene contains 19 
different gt-ag introns. Transcription produces 19 different mRNAs, 
14 alternatively spliced variants and 5 unspliced forms, which are 
supported by 719 cDNA clones. There are 5 probable alternative 
promotors, 6 nonoverlapping alternative last exons and 13 alternative 
polyadenylation sites. The mRNAs appear to differ by truncation of 
the 5’ end, truncation of the 3’ end, presence or absence of 2 cassette 
exons, overlapping exons with different boundaries, alternative 
splicing or retention of 4 introns. These NAMPT variants remains to 
be validated experimentally and their physiological relevances are 
currently unknown. 

Chen et al. [14] detected 3 NAMPT transcripts in porcine. Variant 1 
is the predominant form, encoding 491 amino acids. While the other 
two variants were predicted to encode two 3’ truncated proteins 
due to early termination. Nested PCR showed that variants 1 and 3 
were ubiquitously expressed in porcine tissues and that variant 2 
was expressed in most tissues examined with exception of testis and 
liver. Palin et al. [15] subsequently reported the cloning of six porcine 
NAMPT transcript variants, resulting from alternate polyadenylation 
or alternate splicing of exons. The discovery of NAMPT variants in 
porcine would be useful to the further investigation of the function 
of the NAMPT gene.

NAMPT is expressed in human heart, brain, placenta, lungs, liver, 
skeletal muscle, kidney and pancreases with the maximum amount of 
NAMPT mRNA in liver and the next highest amount in muscle tissue 
[1]. From analyzing tissue sources of 719 cDNA clones, it is found that 
NAMPT is expressed in nearly all organs, tissues, and cells examined. 
This indicates a ubiquitous tissue distribution of the NAMPT gene and 
suggests an omni-important function of this gene, as reviewed in the 
section: NAMPT Function.

Protein: The reference human NAMPT protein sequence 
(NP_005737) consists of 491 amino acids. Among them is a signal 
peptide from amino acids 1-26. It has a theoretic pI/Mw: 6.69/55.52 
Kd. It contains 63 negatively charged residues (Asp + Glu) and 61 
positively charged residues (Arg + Lys). Based on the N-terminal of 
the sequence as methionine, the estimated half-life of human NAMPT 
protein is 30 hours.  The instability index [II] of human NAMPT is 
computed to be 35.48, and this classifies the human NAMPT as a 
stable protein (http://ca.expasy.org/cgi-bin/protparam).

http://www.ncbi.nlm.nih.gov/SNP
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22B%C3%B6ttcher Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/
http://ca.expasy.org/cgi-bin/protparam
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Several groups have resolved three dimensional structure of 
mammalian NAMPT protein [16,17,18]. The 3D structure analysis of 
human and murine NAMPT by Khan et al. [16] showed that NAMPT has 
a notable overall structural similarity to quinolinic acid and nicotinic 
acid phosphoribosyltransferases, enzymes in two other NAD+ 

biosynthesis pathways, despite sharing little sequence similarity 
among them. The structure of the NAMPT monomer contains 22 
β-strands and 15 α-helices and can be divided into three domains, 
A, B and C. Domain A consists of a seven-stranded fully antiparallel 
β-sheet with five helices on one face. Residues from both the N- and 
C-terminal regions of NAMPT (9–148, 391–427 and 459–484) belong 
to this domain. Domain B [residues 181–390] contains a seven-
stranded β/α core. Helix α6, with nine turns (residues 149–180), 
connects domains A and B. Domain C (residues 428–458) contains a 
three stranded antiparallel b-sheet and covers the open face of the 
β-sheet in domain A.

The functional NAMPT forms a homodimer to catalyze the 
conversion of nicotinamide and phosphoribosyl-pyrophosphates to 
form nicotinoamide mononucleotide, a key step in the mammalian 
NAD synthetic salvage pathway. The structural and mutagenesis 
studies by Khan et al. [16] demonstrate that Asp219 is important in 
defining the substrate specificity of NAMPT. Wang et al. [17] showed 
that NAMPT has an autophosphorylation activity and hydrolyzes ATP. 
Autophosphorylation can increase its enzymatic activity. His247 
is an important residue in this regard, which lies at the center of 
a conserved cluster of active site residues (a Ser280-His247-Asp313 
triad). Mutations of the residue H247 either significantly decrease 
or abolish the NAMPT enzymatic activity. The H247E enzyme retains 
low enzymatic activity, whereas the H247A mutant has no detectable 
activity, suggesting a role for a negative charge at this residue in 
establishing maximal catalytic activity.

FK866, an inhibitor to NAMPT, is found to be bound in a tunnel at 
the interface of the NAMPT dimer, and mutations in this binding site 
can abolish the inhibition by FK866. Contrary to previous knowledge, 
the structures show that FK866 could compete directly with the 
nicotinamide substrate. Since the pleiotropic physiological functions 
of NAMPT and its dysregulation implicated in several human diseases, 
these structural studies provide valuable information for the potential 
development of new, better and more efficacious drugs to treat 
human diseases based on the NAMPT structure and functions.

NAMPT functions 

This section deals with the three major functions of the NAMPT: 
Growth Factor, Cytokine and Nicotinamide phosphoribosyltransferase. 
Accumulating evidence suggests that NAMPT can function as a growth 
factor or a cytokine though the underlying molecular mechanisms 
remain to be established.  It is beyond the dispute that NAMPT can 
function as a Nicotinamide phosphoribosyltransferase. 

Growth factor: Growth factor generally refers to a naturally 
occurring protein capable of stimulating cellular growth, proliferation 
and cellular differentiation. Growth factors are important for 
regulating a variety of cellular processes. Several studies indicate 
that NAMPT may function as a growth factor. Samal et al. [1] first 
found that conditional medium from COS7 or PA317 cells transiently 
expressing human NAMPT can significantly enhance the number 
of pre-B-cell colonies derived from normal human or mouse bone 
marrow by at least 70% in the presence of both IL-7 and stem cell 
factor. Similar observation was obtained using the antibody purified 
NAMPT protein. Thus, the authors first named this protein as pre-B-
cell colony enhancing factor. Van der Veer et al. [19] reported that 

NAMPT can promote vascular smooth muscle cell maturation. They 
found that knockdown of endogenous NAMPT increased smooth 
muscle cell apoptosis and reduced the capacity of synthetic smooth 
muscle cells to mature to a contractile state. On the other hand, 
human smooth muscle cells transduced with the NAMPT gene had 
enhanced survival, an elongated bipolar morphology, and increased 
levels of h-caldesmon, smoothelin-A, smoothelin-B, and metavinculin. 
Fukuhara and co-workers [20] proposed NAMPT as a Visfatin, an 
adipokine produced by visceral fat that can engage and activate the 
insulin receptor, however this publication was retracted because 
of questions regarding the reproducibility of the NAMPT/ insulin 
receptor interaction from different preparations of recombinant 
NAMPT protein [21]. Xie et al. [22] found that NAMPT exerts an 
insulin-like activity as a growth factor for osteoblasts. They used the 
recombinant human NAMPT provided by Axxora Life Sciences (San 
Diego, CA, USA) in their experiments. They noticed that the effects 
of NAMPT such as glucose uptake, proliferation, and type I collagen 
enhancement in cultured human osteoblast-like cells bore a close 
resemblance to those of insulin and were inhibited by hydroxy-
2-naphthalenylmethylphosphonic acid tris-acetoxymethyl ester, a 
specific inhibitor of IR tyrosine kinase activity. They also unexpectedly 
found that NAMPT downregulated osteocalcin secretion from human 
osteoblast-like cells. These data indicate that the regulation of glucose 
uptake, proliferation, and type I collagen production by NAMPT in 
human osteoblasts involves insulin receptor phosphorylation, the 
same signal transduction pathway used by insulin.

Cytokine: Cytokine is sometimes used interchangeably among 
scientists with the term Growth Factor. The term cytokine encompasses 
a large and diverse family of polypeptide regulators that are produced 
widely throughout the body by cells of diverse embryological origin. 
Their actions may be grouped as autocrine, paracrine and endocrine. 
Cytokines have been classified as lymphokines, interleukins, and 
chemokines. Now, these distinctions may not be valid due to the 
considerable redundancy and pleiotropism of many cytokines. NAMPT 
may be added to the list of cytokines. As stated above, the first 
NAMPT cDNA was screened out using a degenerate oligonucleotide 
probe designed on the basis of the similarity in the coding sequences 
of five different cytokines: GM-CSF, IL-2, IL-1β, IL-6 and IL-13, at 
the signal peptidase processing site [1] though the DNA or protein 
sequence of NAMPT bears no homology to other known cytokines. 
Ognjanovic et al. [2] reported that lipopolysaccharide, IL-1β, TNF 
α and IL-6 all significantly increased the expression of NAMPT in a 
4 h treatment of the amniotic epithelial cell line, WISH cells. The 
addition of dexamethasone to IL-1β and TNFα significantly reduced 
the response to these cytokines. They concluded that NAMPT is a 
cytokine expressed in the normal fetal membranes and up-regulated 
when they are infected. NAMPT expression is up-regulated in a 
variety of acute and chronic inflammatory diseases including sepsis 
[23], acute lung injury [6], rheumatoid arthritis [24], inflammatory 
bowel disease [25], and myocardial infarction [26]. NAMPT plays 
a key role in the persistence of inflammation through its capacity 
to inhibit neutrophil apoptosis [23]. rhNAMPT treatment of WISH 
cells and fetal membrane explants significantly increased IL-6 and 
IL-8 gene expression [27]. We also found that an overexpression of 
NAMPT significantly augmented IL-8 secretion and mRNA expression 
in A549 cells, a human pulmonary carcinoma type II epithelial cell line 
and human pulmonary artery endothelial cells. It also significantly 
augmented IL-1β-mediated cell permeability. The opposite results 
were obtained with the knockdown of NAMPT expression. NAMPT 
expression also affected the expression of two other inflammatory 
cytokines (IL-16 and CCR3 genes) [28,29]. Hong et al. [30] 
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demonstrated recombinant human NAMPT as a direct rat neutrophil 
chemotactic factor in in vitro studies.  They also demonstrated a 
marked increase in bronchoalveolar lavage leukocytes after the 
intratracheal injection of rhNAMPT into C57BL/6J mice. Thus, NAMPT 
behaves like a chemokine.

Nicotinamide phosphoribosyl transferase: The clue that PBEF 
could be a nicotinamide phosphoribosyl transferase was first obtained 
by the work of Martin et al. [4] in 2001. They demonstrated that the 
presence of the nadV gene allowed A. pleuropneumoniae to utilize 
nicotinamide mononucleotide as a precursor for NAD biosynthesis, 
and indicate that the enzyme encoded by this gene is a novel NAMPT. 
They found that the sequence of nadV gene is homologous to 
that of human NAMPT, suggesting that mammalian PBEF may also 
function as a NAMPT. Rongvaux et al. [3] verified that similarly to its 
microbial counterpart, PBEF is a NAMPT, catalyzing the condensation 
of nicotinamide with 5-phosphoribosyl-1-pyrophosphate to yield 
nicotinamide mononucleotide, an intermediate in the biosynthesis of 
NAD (Figure 1). The role of PBEF as a NAMPT was further confirmed by 
showing that the mouse gene was able to confer the ability to grow 
in the absence of NAD to a NAMPT-defective bacterial strain. Study by 
Revollo et al. [31] demonstrated that NAMPT catalyzes a rate-limiting 
step in a salvage pathway of the mammalian NAD biosynthesis. Van 
der Veer et al. [32] proved that it is due to the enhanced NAMPT 
activity of PBEF that cellular lifespan of human primary smooth 

muscle cells, human clonal smooth muscle cells, and fibroblasts 
derived from a patient with Hutchinson-Gilford progeria syndrome 
can be lengthened. Recent work by Revollo et al. [33] revealed that 
NAMPT regulates insulin secretion in beta cells as a systemic NAD 
biosynthetic enzyme.

Because the salvage pathway of NAD synthesis is much more 
efficient and quicker one than that of de novo NAD synthesis, it 
is conceivable that NAMPT plays an important role in varieties of 
physiological processes in life via the synthesis of NAD. NAD is now 
regarded as a universal energy- and signal-carrying molecule [34, 
35]. Recent research has unraveled an unexpectedly wide array of 
signaling pathways that involve nicotinamide adenine dinucleotide 
(NAD) and its phosphorylated form, NADP. NAD serves as substrate 
for protein modification including protein deacetylation and 
mono- and poly-ADP-ribosylation. Both NAD and NADP represent 
precursors of intracellular calcium-mobilizing molecules. It is now 
well accepted that NAD (P)-mediated signal transduction does not 
merely regulate metabolic pathways but might hold a key position 
in the control of fundamental cellular processes. In mammals, it has 
been shown recently that an NAD-dependent protein deacetylase, 
silent information regulator (SIR) T1/2, plays important roles in a 
variety of biological processes, such as stress and cytokine responses  
[36], by deacetylating transcriptional regulators. Endogenous mono-
ADP-ribosylation in higher eukaryotes appears to modulate the 
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immune response, cell adhesion, signal, and energy metabolism [37]. 
Recently, defensin-1, an antimicrobial arginine-rich protein secreted 
by immune cells, was demonstrated to lose its antimicrobial effect 
after its mono-ADP-ribosylation. Poly-ADP-ribosylation of proteins 
such as NFkB by poly-ADP-ribose polymerase can trigger the release 
of apoptosis-inducing factor from mitochondria and therefore 
effectively mediate apoptosis. Gerth et al. [38] demonstrated 
that NAD and ADP-ribose, generated from NAD by CD38, an NAD-
glycohydrolase, induce the activation of a Ca2+ channel through a 
pathway that involves Ca2+ influx in human monocytes. Ca2+ ions play 
a critical role in variety of monocyte functions such as chemotaxis and 
production of cytokine (TNFα) [39]. Increased intracellular calcium in 
human monocyte-derived macrophages in vitro by loading with the 
basic calcium phosphate microcrystals was associated with secretion 
of proinflammatory cytokines (TNFα, IL-1β, and IL-8) capable of 
activating cultured endothelial cells and promoting capture of 
flowing leukocytes under shear flow [40]. 

NAMPT in human diseases

This section presents NAMPT in human diseases. The dysregulation 
of the NAMPT gene has been implicated in the susceptibility and 
pathogenesis of a number of human diseases and conditions because 
of its pleiotropic physiological functions as synopsized in the above 
section. This list is still growing. Due to the space limit, this section 
only summarizes and updates the current understanding of the 
possible pathological role(s) of NAMPT in acute lung injury, aging, 
atherosclerosis, cancer, diabetes, rheumatoid arthritis and sepsis.

Acute lung Injury and sepsis: Acute lung injury (ALI) is 
characterized by pulmonary inflammation, non-cardiogenic edema, 
and severe systemic hypoxemia. Acute respiratory distress syndrome 
(ARDS) is the severe form of ALI [41,42]. One of the earliest 
manifestations of ALI is a diffuse intense inflammatory process and 
damage to both endothelial and epithelial cell barriers, resulting 
in marked extravasation of vascular fluid into the alveolar airspace 
[43]. A number of inflammatory cytokines including tumor necrosis 
factor-alpha (TNFα) and interleukin 8 (IL-8) can induce or aggravate 
the inflammation of endothelial and epithelial cells, leading to these 
barrier dysfunctions [44]. The mortality and morbidity of ALI/ARDS 
remain high since the etiology and molecular pathogenesis are still 
not completely understood.

To identify novel candidate ALI genes, we employed a high-
throughput functional genomics approach, with extensive microarray-
based lung gene expression profiling in canine, murine and human 
ALI. In each of these experiments, we observed significant increases 
in the expression of NAMPT, a gene not previously associated with 
lung pathophysiology, and validated these results by quantitative real 
time PCR, western blotting, and immunohistochemistry. Increased 
NAMPT protein expression was also observed in branchoalveolar 
lavage (BAL) fluid and serum in both canine and murine models. These 
results suggest that NAMPT may be a potential biomarker in ALI [6]. 
Analysis of single nucleotide polymorphisms (SNPs) in the NAMPT 
gene proximal promoter region indicated that a GC haplotype had a 
higher risk (nearly 8 fold) of ALI, while a TT haplotype had a lower risk 
of ALI [6]. Our findings were confirmed and extended by Bajwa et al. 
[7], who showed that the NAMPT T-1001G variant allele and related 
haplotype are associated with increased odds of developing ARDS 
and increased hazard of intensive care unit mortality among at-risk 
patients. In contrast, the C-1535T variant allele and related haplotype 
are associated with decreased odds of ARDS among patients with 
septic shock and better outcomes among patients with ARDS. These 

findings support that NAMPT is a genetic marker in ALI. 

To further investigate the role and molecular mechanism 
underlying NAMPT in the pathogenesis of ALI, we employed both 
in vitro cell and in vivo mouse models. We first observed that in 
human pulmonary artery endothelial cells, NAMPT expression can be 
augmented by both inflammatory cytokine such as IL-1β and mechanic 
stress such as cyclic-stretch [6], two hallmark risk factors critical to 
the pathogenesis of ALI. In the mouse model of ALI, we showed 
that heterozygous PBEF (+/-) mice were significantly protected 
[reduced BAL protein, BAL IL-6 levels, peak inspiratory pressures] 
when exposed to a model of severe ventilator associated lung injury 
(VALI) with 4 h, 40 ml/kg tidal volume and exhibited significantly 
reduced expression of VALI-associated gene expression modules. 
In addition, strategies to reduce NAMPT availability (neutralizing 
antibody) resulted in significant protection from VALI [30]. These 
results suggest that an overexpression of NAMPT may contribute 
to the initiation or aggravation of ALI pathogenesis. In a further 
mechanistic study, we found that the NAMPT-specific siRNA would 
attenuate thrombin-induced decreases in human lung endothelial cell 
barrier function, increased cytoskeletal rearrangement, and secretion 
of the proinflammatory cytokine IL-8 [45]. Overexpression of NAMPT 
significantly augmented IL-8 secretion and IL-8 mRNA expression in 
A549 cells and human pulmonary artery endothelial cells (HPAEC), 
respectively. It also significantly augmented IL-1β- or TNF-α mediated 
cell permeability in A549 cells and HPAEC. The knockdown of NAMPT 
expression significantly inhibited IL-1β- or TNFα-stimulated IL-8 
secretion and mRNA level while the knockdown of NAMPT expression 
also significantly attenuated IL-1β- or TNFα -induced cell permeability 
in both cells. NAMPT expression also affected the expression of 
two other inflammatory cytokines (IL-16 and CCR3 genes) [28,29]. 
These results reveal that NAMPT overexpression, as occurs in ALI, 
may adversely affect the pulmonary cell barrier function, whose 
dysregulation is the well-recognized feature in the pathogenesis of 
ALI. 

Based on the findings from our genomic, genetic, in vitro pulmonary 
cell culture and in vivo mechanistic exploration in animal models 
and other studies from different cells in literature, we presented a 
working molecular mechanistic schema underlying NAMPT in the 
susceptibility and pathogenesis of ALI in Figure 2. There has been 
well documented evidence supporting that mechanic stress such as 
those associated with ventilator [6, 30], cyclic or static stretch [6, 46] 
and inflammatory agonists such as TNFα (2, 29, 47), IL-1β (2, 28, 48) 
and interferon (IFN) [49], stimulate the expression of NAMPT. Kendal 

and Bryant-Greenwood demonstrated that NAMPT gene expression 
is modulated by NF-κB and AP-1 in human amniotic epithelial Cells 
[50]. Nowell et al. [51] discovered that IL-6 trans-signaling regulated 
NAMPT in a STAT-3-dependent manner. Hypoxemia is one of 
features in the pathogenesis of ALI. Hypoxic induction of human 
visfatin gene is directly mediated by hypoxia-inducible factor-1[52]. 
NAMPT functions as a nicotinamide phosphoribosyltransferase either 
intracellularly or extracellularly [31,33,53,54] and as a cytokine via 
an elusive receptor to affect the expression of other inflammatory 
cytokines or activators, which include CCR2, CCR3, Cox-2, IL-6, IL-8, 
IL-16, ICAM1, MCP-1, MMP-2, MMP-9, VCAM1, VEGF, etc. [2,28,29,55, 
56,57,58,59,60]. A number of pathways have been implicated in 
the NAMPT-mediated augmentation of these molecules such as 
extracellular signal-regulated kinase 1/2 (ERK 1/2) [57,61,62], IL6/
STAT3 [63], p38 mitogen-activated protein kinase (p38 MAPK) 
[57,60], phosphatiylinositol 3-kinase (PI3K)/Akt [55,57,60]. Recently, 
Skokowa et al. [53] reported that NAMPT is essential for inducing 
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neutrophilic granulocyte differentiation. The molecular events 
triggered by NAMPT include NAD (+)-dependent sirtuin-1 activation, 
subsequent induction of CCAAT/enhancer binding protein-alpha and 
CCAAT/enhancer binding protein-beta, and, ultimately, upregulation 
of G-CSF synthesis and G-CSF receptor expression. G-CSF, in turn, 
further increases NAMPT levels. These results reveal a decisive role 
of the NAD (+) metabolic pathway in G-CSF-triggered myelopoiesis. 
Van Gool et al. [54] also found that NAMPT mediated intracellular 
NAD levels regulate TNF protein synthesis in a Sirt6-dependent 
manner. Taken together what we have learnt so far, we proposed 
the following possible molecular mechanism of NAMPT involved 
pathogenesis of ALI (Figure 2) in the case of lung insults such as 
those inducing direct or indirect lung injuries, mechanic and/or 
inflammatory stimuli via NF-kappa B or other pathways dramatically 
increase NAMPT expression from pulmonary alveolar epithelial cells, 
vascular endothelial cells, inflammatory cells and other cells in those 
patients carrying a susceptible haplotype GC(HT:GC) in their NAMPT 
gene promoters, which in turn mediates NAD dependent Sirtuins 
or other pathways  intracellularly or extracellularly to markedly 
increase the production of other molecular activators. These lead 
to pulmonary barrier permeability increase, resulting in ALI. On the 
contrary, when patients, who carry a protective haplotype (HT:TT) in 
their NAMPT gene promoters, are subjected to those same insults, 
less NAMPT is expressed, less molecular activators produced, thus 
protecting against the pulmonary barrier dysfunction and reducing 

risk to ALI (6). It should be emphasized that many of these signal 
transduction pathways were drawn upon the evidence from studies 
in non-pulmonary cells or tissues. Thus, the schematic mechanisms 
presented in Figure 2 should be taken cum grano salis. More studies 
are warranted to validate these findings in pulmonary system, connect 
those molecular dots and answer the question marks in Figure 2.

Sepsis, a life-threatening disorder characterized by a whole-body 
inflammatory state caused by infection, is a frequent cause of ALI/
ARDS. Jia et al. [23] reported that NAMPT as a novel inflammatory 
cytokine that plays a requisite role in the delayed neutrophil 
apoptosis of clinical and experimental sepsis. They found that 
transcription of the NAMPT gene is increased in neutrophils from 
septic patients; prevention of NAMPT translation through the use 
of an antisense oligonucleotide largely restores the normal kinetics 
of apoptosis. Moreover, the incubation of quiescent neutrophils 
from healthy volunteers with recombinant NAMPT results in dose-
dependent inhibition of apoptosis, and antisense NAMPT prevents 
the inhibition of apoptosis that results from exposure to LPS or to a 
variety of host-derived inflammatory cytokines [64]. They postulate 
that this prolonged survival of activated neutrophils may be lined to 
sustained inflammation and the organ injury of sepsis. 

Aging: Aging is the accumulation of changes in an organism over 
time. It may be simply divided into “biological aging” (an organism’s 
physical state naturally declines as it ages) and “diseased aging” (a 
hastened degeneration such as progeria, a premature aging). Aging 
is a complex process, depending on both genetic compositions and 
environmental conditions.

Several evidences suggest that NAMPT may be an important 
regulator in aging. Axonal degeneration occurs in many 
neurodegenerative diseases. Sasaki et al. [65] found that NAMPT can 
delay axon degeneration in the presence of nicotinamide in an in vitro 
Wallerian degeneration assay. These  results suggest that increased 
activity of the NAD biosynthetic pathway stemming from nicotinamide 
promotes axonal protection. Among several key enzymes involved in 
either de novo or salvage or Preiss-Handler independent pathways 
of mammalian NAD synthesis, the effectiveness against axonal 
degeneration by NAMPT is only next to nicotinamide mononucleotide 
adenylyltransferase 1. In addition, exogenous application of the NAD 
precursors can also delay axonal degeneration. These results indicate 
that stimulation of NAD biosynthetic pathways including NAMPT may 
be useful in preventing or delaying axonal degeneration. Van der Veer 
et al. [32] reported that NAMPT can extend the lifespan of human 
smooth muscle cells. They found that replicative senescence of smooth 
muscle cells was preceded by a marked decline in the expression and 
activity of NAMPT. Furthermore, reducing NAMPT activity with the 
antagonist FK866 induced premature senescence in smooth muscle 
cells, assessed by serial quantification of the proportion of cells 
with senescence-associated beta-galactosidase activity. In contrast, 
introducing the NAMPT gene into aging human smooth muscle 
cells delayed senescence and substantially lengthened cell lifespan, 
together with enhanced resistance to oxidative stress. NAMPT-
mediated smooth muscle cells lifespan extension was associated with 
increased activity of the NAD+-dependent longevity enzyme SIRT1 
and was abrogated in NAMPT-overexpressing cells transduced with 
a dominant-negative form of SIRT1 (H363Y). NAMPT overexpression 
also reduced the fraction of p53 that was acetylated on lysine 382, a 
target of SIRT1, suppressed an age-related increase in p53 expression, 
and increased the rate of p53 degradation. Moreover, add-back of 
p53 with recombinant adenovirus blocked the anti-aging effects 
of NAMPT. These data indicate that NAMPT is a longevity protein 

Figure 2: Working mechanisms underlying NAMPT in the susceptibility 
and pathogenesis of acute lung injury.  In the case of lung insults, mechanic 
and/or inflammatory stimuli via NF-kappa B or other pathways dramatically 
increase NAMPT expression from pulmonary alveolar epithelial cells, vascular 
endothelial cells, inflammatory cells and other cells in those patients carrying 
a susceptible haplotype GC[HT:GC] in their NAMPT gene promoters, which 
in turn mediates NAD dependent Sirtuins or other pathways  intracellularly 
or extracellularly to markedly increase the production of other molecular 
activators. These lead to pulmonary barrier permeability increase, resulting in 
ALI. On the contrary, when patients, who carry a protective haplotype [HT:TT] 
in their NAMPT gene promoters, are subjected to those same insults,  less 
NAMPT is expressed, less molecular activators produced, thus protecting 
against pulmonary barrier dysfunction and reducing risk to ALI. Those dashed 
lines indicate that more molecular dots need to be connected. The question 
mark denotes the unanswered question. NAMPT-R, NAMPT receptor. Refer 
to the text for the detail.
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that can add stress-resistant life to human smooth muscle cells by 
optimizing SIRT1-mediated p53 degradation. Recently, Benigi et al. 
[66] noticed that the longevity phenotype in angiotension II type 1 
receptor knockout mice was associated with an increased number 
of mitochondria and upregulation of the prosurvival genes NAMPT 
and sirtuin 3 (Sirt3) in the kidney. They postulated that disruption of 
angiotension II type 1 receptor promotes longevity in mice, possibly 
through the attenuation of oxidative stress and overexpression of 
prosurvival genes such as NAMPT and Sirt 3.

Other studies have shown that overexpression of NAMPT 
increases SIRT1 activity [32] and can protect cells from death due to 
PARP overexpression [67], which is consistent with the hypothesis 
that NAMPT is a functional equivalent of Pnc1 in mammals. Pnc1 is a 
stress- and calorie-responsive longevity gene that catalyzes the first 
and rate-limiting step in NAD+ biosynthesis from nicotinamide in 
yeast [68,69]. Pnc1 positively regulates SirT2, increased gene dosage 
or enhanced activity of which extends life span in S. cerevisiae, 
C. elegans, and D. melanogaster [70]. Yang et al. [68] identified 
that NAMPT as a stress- and nutrient-responsive gene that boosts 
mitochondrial NAD+ levels. NAMPT expression and mitochondrial 
NAD+ levels increase in vivo after fasting. Increased mitochondrial 
NAD+ promotes cell survival during genotoxic stress and that 
protection is provided by the mitochondrial sirtuins SIRT3 and SIRT4. 
These data show that NAMPT-regulated mitochondrial NAD+ levels 
dictate cell survival via SirT3 and SirT4.  These insights into the 
importance of NAMPT mediated mitochondrial NAD+ and NAD related 
metabolism or signaling [71] will facilitate a new understanding of 
and the development of novel approaches to treating diseases of 
aging and other conditions.

Atherosclerosis: Atherosclerosis is a disease affecting arterial 
blood vessels. It is a progressive disease in which lipids, extracellular 

matrix, and activated vascular smooth muscle cells accumulate in the 
arterial wall, resulting in growth of an atherosclerotic plaque [72]. Its 
complex etiologies and pathogenesis remain to be fully elucidated.

In a microarray experiment, Dahl et al. [73] identified NAMPT 
expression was markedly enhanced in carotid plaques from 
symptomatic compared with plaques from asymptomatic individuals. 
This finding was confirmed by real-time reverse transcription 
polymerase chain reaction and immunohistochemistry analyses. The 
similar relationship between NAMPT and unstable lesions was also 
found in patients with coronary artery disease and a strong NAMPT 
immunostaining in lipid-rich regions was detected. Both oxidized 
low-density lipoprotein and tumor necrosis factor-alpha increased 
NAMPT expression in THP-1 monocytes, with a particularly enhancing 
effect when these stimuli were combined. Visfatin increased matrix 
metalloproteinase-9 activity in THP-1 monocytes and tumor necrosis 
factor-alpha and interleukin-8 levels in peripheral blood mononuclear 
cells. These findings suggest that NAMPT may be an inflammatory 
mediator, localized to foam cell macrophages within unstable 
atherosclerotic lesions, that potentially plays a role in plaque 
destabilization.  Zhong et al. [74] also reported that serum NAMPT 
was increased in patients with carotid plaques.

Cheng et al. [75] noticed that NAMPT level in epicardial and 
abdominal adipose tissues were significantly higher in CAD patients 
relative to control subjects. In addition, significantly higher tissue 
NAMPT from abdominal fat depots were found compared to those 
from epicardial fat in CAD patients. It suggests that abdominal 
adiposity may play a more significant role than epicardial fat in the 
pathogenesis of coronary atherosclerosis.

More studies are warranted to firmly establish the relationship 
between NAMPT and atherosclerosis and to elucidate the role(s) 
and molecular mechanisms of NAMPT in the pathogenesis of 
atherosclerosis. 

Cancer: Molecular screening, epidemiological survey and 
phamarcological studies have indicated that NAMPT may be an 
attractive diagnostic and drug target for cancer therapy.

Hufton et al. [76] first noticed that NAMPT expression was 
increased by 6 folds in primary colorectal cancer over the normal 
control using the suppression subtractive hybridization technique 
during their attempt to identify new candidate genes in cancer, which 
may provide novel points of therapeutic intervention. This result was 
confirmed at protein and tissue level by both western blotting and 
immunohistochemical analyses [77]. Using cDNA microarray based 
expression profiling of different grades of astrocytomas, Reddy et 
al. [78] identified several fold increased levels of PBEF1 transcripts in 
glioblastoma samples. Malignant astrocytomas comprise anaplastic 
astrocytoma and glioblastoma.  Glioblastoma is the most malignant 
with a median survival of 10-12 months in patients. Their initial findings 
were validated using real time RT-qPCR and immunohistochemical 
staining on an independent set of tumor samples. Employing ELISA 
analysis of serum samples from astrocytoma patients to determine 
whether this protein levels in patients with astrocytoma correlate 
with the presence of tumor and tumor grade, they further found that 
in patients with astrocytoma, serum NAMPT levels correlate with 
tumor grade and is highest in glioblastoma. The authors suggest 
that NAMPT as a potential malignant astrocytoma serum marker and 
prognostic indicator in glioblastoma.

Through a chemical screen to find new antitumor drugs, 
Hasmann and Schemainda [79] identified the first low molecular 
weight compound, designated FK866 {the chemical name:  (E)-
N-[4-(1-benzoylpiperidin-4-yl) butyl]-3-(pyridin-3-yl) acrylamide}, 
which induces apoptosis by highly specific and potent inhibition 
of nicotinamide phosphoribosyltransferase in HepG2 human liver 
carcinoma cells. FK866 has no primary effect on cellular energy 
metabolism and thus has no direct and immediate cytotoxicity but 
gradually depletes the cells of a vital factor, NAD, by inhibiting NAMPT, 
which eventually triggers apoptosis. The authors proposed that 
FK866 may be used for treatment of diseases implicating deregulated 
apoptosis such as cancer for immunosuppression or as a sensitizer for 
genotoxic agents. Furthermore, it may provide an important tool for 
investigation of the molecular triggers of the mitochondrial pathway 
leading to apoptosis through enabling temporal separation of NAD+ 
decrease from ATP breakdown and apoptosis.  Using1H-decoupled 
phosphorus (31P) magnetic resonance spectroscopy, Muruganandham 
et al. [80] observed that FK866 increased cell death (apoptosis) 
and subsequent radiation sensitivity in the mammary carcinoma.  
FK866 has been shown to have anti-tumor, anti-metastatic and anti-
angiogenic activities in a murine renal cell carcinoma model [81]. 
The three dimensional structural analysis of the NAMPT–FK866 
complex by three groups reveals that the FK866 compound binds at 
the nicotinamide-binding site of NAMPT to competitively compete 
directly with the nicotinamide substrate to inhibit its activity [16-18]. 
This structural analysis provided a molecular basis for the inhibition 
of FK866 on NAMPT and a starting point for the development of new 
anticancer agents.

Accumulated evidence indicates that at least three molecular 
mechanisms may implicate NAMPT in the pathogenesis of cancer.  
One of the hallmarks of human cancers is the intrinsic or acquired 
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resistance to apoptosis. Evasion of apoptosis may contribute to 
carcinogenesis, tumor progression and also to treatment resistance 
[82]. NAMPT inhibits apoptosis of tumor cells via its role as a key 
enzyme in NAD biosynthetic salvage pathway. NAD may affect 
apoptosis through several potential mechanisms [83]: first, NAD 
mediates cellular energy metabolism that is a critical factor 
determining cell death modes; second, the NADH/NAD+ ratio is a 
major index of cellular reducing power that affects MPT-a mediator 
of apoptosis under many conditions; third, NAD+ levels mediate the 
activity of caspase-dependent endonuclease DFF40–-an executioner 
of DNA fragmentation in certain apoptotic cascades; and fourth, 
NAD+-dependent sirtuins may mediate apoptosis. Future studies on 
this topic are critical for our comprehensive understanding about the 
roles of NAMPT in cell death via the NAD synthesis. 

Li et al. [63] reported that NAMPT protects macrophages from 
ER stress-induced apoptosis by activating an IL-6/STAT3 signaling 
pathway via a non-enzymatic mechanism. The mechanism involves 
a two-step sequential process: rapid induction of interleukin 6 (IL-6) 
secretion, followed by IL-6-mediated autocrine/paracrine activation 
of the prosurvival signal transducer STAT3. The ability of NAMPT 
to trigger this IL-6/STAT3 cell survival pathway did not depend on 
the presence of the NAMPT enzymatic substrate nicotinamide in the 
medium, could not be mimicked by the NAMPT enzymatic product 
nicotinamide mononucleotide (NMN), was not blocked by the NAMPT 
enzyme inhibitor FK866, and showed no correlation with enzyme 
activity in a series of site-directed mutant NAMPT proteins. 

The growth of cancers is dependent upon the formation of new 
blood vessels, a process including angiogenesis. Angiogenesis is a 
dominant process supporting tumor growth. Neovascularization 
by angiogenesis is the prerequisite for the expansion of tumor 
[84]. Kim et al. [58] found that NAMPT potently stimulates in vivo 
neovascularization in chick chorioallantoic membrane and mouse 
Matrigel plug. They also demonstrated that NAMPT activates migration, 
invasion, and tube formation in human umbilical vein endothelial 
cells (HUVECs). Moreover, NAMPT evokes activation of the ERK1/2 in 
endothelial cells, which are closely linked to angiogenesis. Inhibition 
of ERK activation markedly decreases NAMPT-induced tube formation 
of HUVECs and NAMPT-stimulated endothelial cell sprouting from rat 
aortic rings. Taken together, these results demonstrate that NAMPT 
promotes angiogenesis via activation of mitogen-activated protein 
kinase ERK-dependent pathway and suggest that NAMPT may play 
important roles in various pathophysiological angiogenesis.  Bae et al. 
[62] further reported that NAMPT-induced angiogenesis is mediated 
by endothelial fibroblast growth factor-2 (FGF-2). They proposed 
that NAMPT-induced endothelial angiogenesis was composed largely 
of two sequential steps: the induction of Erk1/2-dependent FGF-
2 gene expression by NAMPT and the subsequent FGF-2-induced 
angiogenesis. These data suggest an integral role for NAMPT-FGF-2 
signaling axis in modulating endothelial angiogenesis. Adya et al. 
[60] also reported that NAMPT induced dose- and time-dependent 
proliferation and capillary-like tube formation of human umbilical 
vein endothelial cells, perhaps by stimulating vascular endothelial 
growth factor via the MAPK and PI3K/Akt signaling pathways. 

Diabetes mellitus: Diabetes mellitus, simply referred to as 
diabetes, is a syndrome of disordered metabolism with hyperglycemia 
as a hallmark phenotype. It is usually divided into Type 1 and Type 
2 diabetes. Type 1 diabetes is characterized by loss of the insulin-
producing β cells of the islets of Langerhans in the pancreas, leading 
to a deficiency of insulin. Type 2 diabetes is characterized differently 
due to insulin resistance or reduced insulin sensitivity, combined with 

a reduced insulin secretion. Diabetes is a complex disease. Its long- 
and extensively-sought hereditary and environmental causes are not 
fully known. Initial attention brought to the relationship between 
NAMPT and type 2 diabetes was due to the work by Fukuhara et al. 
[20] in 2005.

Seeking to identify new candidate genes for metabolic syndrome, 
Fukuhara et al. [20] discovered  NAMPT as one of the more abundantly 
expressed genes in visceral fat than in subcutaneous fat using a 
differential display method to compare 8800 polymerase chain 
reaction (PCR) products from paired samples of subcutaneous fat and 
visceral fat. They found that in 101 male and female human subjects, 
plasma NAMPT concentrations correlated strongly with the amount 
of visceral fat but only weakly with the amount of subcutaneous fat. 
They also noticed that during the obese-becoming period between 
6 and 12 week old KKAy mice, a model for obese type 2 diabetes, 
and high fat diet-fed c57BL/6J mice, plasma NAMPT levels were 
significantly increased with the parallel change of their mRNA levels 
in visceral fat, not in subcutaneous fat. These results suggest that 
NAMPT is a secreted factor produced abundantly by visceral fat; 
the author dubbed NAMPT as visfatin. To explore the physiological 
function of visfatin/NAMPT, they prepared NAMPT gene knockout 
mice. Homozygous NAMPT gene knockout mice were embryonically 
lethal. The authors found that plasma NAMPT levels in NAMPT gene 
heterozygous knockout mice were only 2/3 of those in wild type mice 
but their plasma glucose level were significantly higher. This suggests 
that like insulin, NAMPT may have a physiological role in lowering 
plasma glucose levels. They further found that added NAMPT, injected 
intravenously or expressed endogenously by adenovirus vector, 
significantly lowers plasma glucose level in both KKAy and c57BL/6J 
mice. In vitro NAMPT treatment enhanced glucose uptake in 3T3-L1 
adipocytes, L6 myocytes, and suppressed glucose release in H4IIEC3 
hepatocytes. Furthermore, NAMPT stimulated the accumulation of 
triacylglycerols in pre-adipocytes. These effects were similar to those 
of insulin. Mechanistically, they found that NAMPT bound to insulin 
receptor but not to the same site as insulin binds. NAMPT could 
stimulate insulin signaling such as inducing tyrosine phosphorylation 
of the insulin receptor (IR), insulin receptor substrate–1 (IRS-1), and 
IRS-2 in the liver similarly as insulin. Taken together, the authors 
consider NAMPT as an insulin-mimetic. Although this paper was 
withdrawn from Science due to the variation of different batches 
of recombinant NAMPT for their adipogenic and insulin-mimetic 
activities, this report has immediately and continuously drawn 
increased interest among biomedical researchers to the roles and 
mechanisms underpinning NAMPT in the pathogenesis of diabetes, 
obesity, insulin resistance, and metabolic syndrome.  

Among epidemiological surveys following the report of Fukuhara  
et al. [20] on the relationship between plasma NAMPT level or visceral 
fat NAMPT mRNA amount and Type 2 diabetes in patients, a number 
of groups reported that plasma NAMPT level or visceral fat NAMPT 
mRNA amount were significantly increased in or positively associated 
with Type 2 diabetes or obesity or insulin resistance or metabolic 
syndrome in patients under the baseline without any intervention of 
medication, surgery, and other reagents [85-98]. These seem to be 
consistent with the original findings of Fukuhara et al. [20]. Patients 
with Type 1 diabetes also had higher NAMPT concentrations than 
controls [99,100]. However, other groups have obtained opposite 
findings [101-103] or no changes of plasma NAMPT level in Type 2 
diabetes [104-109]. These conflicting findings on the correlation of 
plasma NAMPT level with diabetes may be stemmed from four major 
reasons: small sample size, variable phenotyping criteria, different 
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populations and ethnicities and different assays. Indeed, most above-
cited reports had sample size around or below 50. The small sample 
size not only limits the statistic power to detect the true association 
but also sometimes yield misleading conclusions. Heterogeneous 
patient populations of different age, sex, ethnicity, diagnosis criteria 
could confound the comparison among the different reports.  
Differences in the qualitative and quantitative assays of NAMPT used 
in different groups [110] may also in part explain the conflicting 
observations in the relation of circulating NAMPT to human obesity 
or insulin resistance.

Insulin-like effects of visfatin was observed in human osteoblasts 
by Xie et al. [111]. They found that NAMPT, purchased from Axxora Life 
Sciences (San Diego, CA, USA), induced tyrosine phosphorylation of 
IR, IRS-1, and IRS-2. Moreover, the effects of NAMPT - glucose uptake, 
proliferation, and type I collagen enhancement of cultured human 
osteoblast-like cells - bore a close resemblance to those of insulin 
and were inhibited by hydroxy-2-naphthalenylmethylphosphonic acid 
tris-acetoxymethyl ester, a specific inhibitor of IR tyrosine kinase 
activity. They also unexpectedly found that NAMPT downregulated 
osteocalcin secretion from human osteoblast-like cells. These data 
indicate that the regulation of glucose uptake, proliferation, and 
type I collagen production by NAMPT in human osteoblasts involves 
IR phosphorylation, the same signal-transduction pathway used 
by insulin. This study finding is concordia cum veritate with the 
insulin mimetic effect of NAMPT reported initially by Fukuhara et 
al. [20] though some studies failed to reproduce these results [33, 
71]. Revollo et al. [33, 112] have recently demonstrated that NAD 
biosynthesis mediated by intracellular NAMPT and extracellular 
NAMPT plays a critical role in the regulation of glucose stimulated 
insulin secretion in pancreatic β cells. They found that FK866, a 
potent NAMPT inhibitor, significantly inhibits NAD biosynthesis and 
glucose stimulated insulin secretion in isolated wild-type primary 
pancreatic islets, and administration of NMN restores normal NAD 
biosynthesis and glucose stimulated insulin secretion in FK866-
treated wild-type primary pancreatic islets. In addition, they found 
that NAMPT heterozygous [NAMPT+/-] female mice with about 50% 
plasma NAMPT level of the wild type mice show also reduced plasma 
NMN level and impaired glucose tolerance due to a defect in glucose 
stimulated insulin secretion, which can be completely ameliorated 
by administration of NMN, suggesting that the observed defects in 
glucose stimulated insulin secretion are due to a lack of NAMPT-
mediated NAD biosynthesis. These findings strongly suggest that 
NAMPT-mediated NAD biosynthesis plays an important role in the 
regulation of glucose homeostasis and also that the maintenance of 
high NMN levels by eNAMPT in blood circulation is critical for normal 
β cell function, probably because pancreatic islets have very low 
levels of iNAMPT compared to other tissues.

Although the biological role of NAMPT related to diabetes remains 
to be fully elucidated, there are some studies that have investigated 
the regulation of NAMPT expression in various environment cues. 
Brema et al. [113] found that plasma NAMPT concentration was 
significantly reduced by approximately 80 % after 12 weeks of aerobic 
exercise training in severely obese young subjects with Type 2 
diabetes. The same group also demonstrated a reduction of NAMPT 
following exercise in subjects with type 1 diabetes mellitus [113]. 
Storka et al. [114] found that the release of NAMPT from adipocytes, 
skeletal muscle cells and human umbilical vein endothelial cells was 
significantly increased after treatment with angiotensin converting 
enzyme inhibitors and angiotensin receptor blockers(lisinopril, 
telmisartan and valsartan). This may in part explain their beneficial 

antidiabetic effects in patients with type 2 diabetes independent of 
their blood pressure-lowering effects. Choi et al. [115] reported that 
serum glucose and insulin concentrations significantly decreased in 
rosiglitazone or fenofibrate-treated Otsuka Long-Evans Tokushima 
fatty (OLETF) rats compared to untreated OLETF rats. Rosiglitazone 
significantly increased serum adiponectin concentration from 
20 to 40 weeks of age, whereas fenofibrate reduced TNF-alpha 
concentration. The expression of NAMPT and adiponectin mRNA in 
visceral fat deposits was elevated by rosiglitazone or fenofibrate 
treatments when compared to untreated OLETF rats, whereas, TNFα 
mRNA was down-regulated by these drugs. These results suggest 
that rosiglitazone and fenofibrate may prevent Type 2 diabetes by 
regulating adipocytokines including NAMPT, adiponectin, and TNFα. 
PPAR-delta agonist (L-165041) significantly increased NAMPT mRNA 
expression in rat visceral fat depot and 3T3-L1 adipocytes [116]. Zhou 
et al. [117] demonstrated that macrostemonoside A, a tigogenin 
steroidal saponin isolated from the bulbs of Allium macrostemon 
Bung, could stimulate NAMPT expression in 3T3-L1 adipocytes 
at the transcriptional level via p38 MAPK signaling pathway. Its 
regulation on NAMPT in adipocytes may constitute an important 
element in its improvement of insulin resistance and diabetes. 
However, other studies failed to find the regulatory effect on 
NAMPT by thiazolidinediones [118], rosiglitazone [119], pioglitazone 
and metformin [120]. It appears a déjà vu that the same pitfalls as 
explained above with epidemiological surveys also occur in these 
studies. 

The role of genetic variation in the NAMPT gene in the 
pathophysiology of Type 2 diabetes and related diseases or 
conditions has been explored. Three SNPs (rs9770242, -948G-->T, 
rs4730153) in the human NAMPT gene was associated with the ratio 
of visceral/subcutaneous NAMPT mRNA expression. The -948G-->T 
variant was also associated with 2-h plasma glucose and fasting 
insulin concentrations in non-diabetic subjects [10]. A significant 
association was found between two SNPs (rs9770242 and rs1319501) 
and fasting insulin or glucose levels [10]. A significant association 
was observed at -948C-->A, with minor allele frequencies of 0.157 
in Type 2 diabetes cases and 0.119 in non-diabetic controls. In a non-
diabetic population, the same -948 allele that conferred increased 
risk of Type 2 diabetes was significantly associated with higher 
plasma levels of fibrinogen and C-reactive protein.  These findings 
suggest that the NAMPT gene may play a role in determining Type 
2 diabetes susceptibility, possibly by modulating chronic, low-grade 
inflammatory responses [121]. A SNP (rs7789066) was significantly 
associated with the apolipoprotein B component of VLDL [10]. The 
-1535T/T genotype was associated with lower serum triglyceride 
levels and higher HDL-cholesterol levels in the non-diabetic Japanese 
subjects [9]. A similar association between the haplotype containing 
SNP -1535 and triglyceride levels were also observed in a Chinese 
population [11]. Sun et al. [122] reported that fasting serum NAMPT 
correlated with triacylglycerols. These results suggest that NAMPT 
may play a regulatory role in lipid metabolism.

Rheumatoid arthritis: Rheumatoid arthritis [RA] is a chronic, 
systemic autoimmune disorder that most commonly causes 
inflammation and tissue damage in joints. Despite that the first 
recognized description of rheumatoid arthritis was made in 1800 by 
Dr. Augustin Jacob Landré-Beauvais in Paris [123], its pathogenesis 
remains incompletely understood.

Otero et al. [124] first reported that patients with rheumatoid 
arthritis showed considerably higher plasma levels of NAMPT, leptin, 
and adiponectin than healthy controls, implicating NAMPT as one 
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of the biomarkers in RA. This observation was confirmed by Nowell 
et al. [51]. Brentano et al. [125] reported that increased levels of 
NAMPT in serum and synovial fluid correlated with the degree of 
inflammation and clinical disease activity in patients with RA. NAMPT 
itself activated the transcription factors NF-kB and activator protein 1 
and induced IL-6, IL-8, MMP-1, and MMP-3 in RA synovial fibroblasts 
as well as IL-6 and TNFα in monocytes. NAMPT knockdown in RA 
synovial fibroblasts significantly inhibited basal and TLR ligand-
induced production of IL-6, IL-8, MMP-1, and MMP-3. These findings 
support that NAMPT is a proinflammatory and destructive mediator of 
joint inflammation in RA and NAMPT may be a potential therapeutic 
target. This notion was further corroborated by Busso et al. [126], 
who found that NAMPT is a key player in inflammatory arthritis. 
Increased expression of NAMPT was confirmed in mice with collagen-
induced arthritis, both in serum and in the arthritic paw. A specific 
competitive inhibitor of NAMPT, FK866 (also known as APO866  and 
WK175) effectively reduced arthritis severity with comparable activity 
to etanercept, a recombinant-DNA drug linking human soluble TNF 
receptor to the  Fc component of human immunoglobulin G1 (IgG1) 
and acts as a TNF inhibitor, and decreased pro-inflammatory cytokine 
secretion in affected joints. Moreover, NAMPT inhibition reduced 
intracellular NAD concentration in inflammatory cells and circulating 
TNFα levels during endotoxemia in mice. In vitro pharmacological 
inhibition of NAMPT reduced the intracellular concentration of NAD 
and pro-inflammatory cytokine secretion by inflammatory cells. Thus, 
NAMPT links NAD metabolism to inflammatory cytokine secretion by 
leukocytes, and its inhibition might therefore have therapeutic value 
in treating RA.

Concluding Remarks
NAMPT has drawn an ever-increasing attention in biomedical 

fields because of its presumed pleiotropic physiological functions 
and its dysregulation implicated in a number of human diseases 
and conditions.  Recent progress has provided new insights into the 
molecular basis of NAMPT specific inhibitor FK866, both enzymatic 
and non-enzymatic functions of NAMPT, and a novel role of NAMPT 
in glucose stimulated insulin secretion from pancreatic β cells. 
However, we are still far from fully understanding the biology and 
pathophysiology of NAMPT at molecular and cellular levels. Many in 
vitro and in vivo studies on the functions and disease associations 
of NAMPT have yielded contradictory results. A number of Terra 
incognita in NAMPT research remains to be explored. 

At the gene level, only a couple of experiments characterized a 
few regulatory elements in the NAMPT gene promoter. There have 
been only a handful of reports on the functional consequences and 
disease associations of several SNPs out of 411 SNPs currently known 
in NAMPT. Epigenetic regulation of the NAMPT gene is still a virgin 
area. At the mRNA level, only one out of predicted 19 NAMPT isoforms 
has been well characterized. We have not investigated whether these 
isoforms are due to alternative splicing or alternative promoters. At 
the protein level, there are a number of unanswered questions. For 
example, how is NAMPT without a known signal peptide secreted 
from cells? How is NAMPT transported from cytoplasma to nucleus 
during the different phase of cell cycle? What are the functional and 
pathological roles of the posttranslational modifications of NAMPT as 
predicted by computer programs? 

Functionally, it is generally recognized that NAMPT as a 
nicotinamide phosphoribosyltransferase. NAMPT-mediated NAD 
biosynthesis of a salvage pathway plays a critical role in life and 
disease in mammalians. Imai recently proposed a new concept “NAD 

World” with NAMPT as a driver and Sirt 1as a mediator [112]. This 
NAD connection may explain major physiological functions of NAMPT. 
However, past findings [1] and recent evidence from others [63] and 
our group [127] indicate that NAMPT may also have non-enzymatic 
functions such as growth factor or cytokine or other functions. It is 
of importance to know what the authentic receptor is for NAMPT, 
if any, via which extracellular NAMPT interacts with cells to initiate 
NAMPT-mediated signal transduction for its biological effect. More 
studies may be needed to clarify the controversial issue of NAMPT’s 
insulin-mimetics function. 

The list of tantalizing clues on the association of NAMPT with 
different human diseases and conditions is growing fast. Well-
conducted epidemiological surveys or clinical studies in large 
patient population size with standardized phenotyping and 
quantitative blood NAMPT assays are needed to firmly substantiate 
the association of NAMPT with any disease or condition of interest 
or establish the regulatory effect on NAMPT expression by some 
drugs or other treatments. It would be advisable to carry out well-
controlled prospective studies to determine the potential diagnostic 
and/or prognostic value of circulating NAMPT in the prediction of any 
associate disease or condition as well as therapeutic effect of NAMPT 
regulation. Certainly, more detailed and in-depth in vivo and in vitro 
studies are necessary to elucidate molecular and cellular mechanisms 
underpinning NAMPT’s role in the associated diseases or conditions. 
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