
ORIGINAL PAPER

α-Mangostin reduced the viability of A594 cells in vitro by provoking
ROS production through downregulation of NAMPT/NAD

Yan-Yun Ding1
& Jia-Jie Luan1

& Yan Fan1
& Opeyemi Joshua Olatunji2 & Jing Song1

& Jian Zuo1,3,4

Received: 24 September 2019 /Revised: 3 December 2019 /Accepted: 17 December 2019 /Published online: 2 January 2020
# Cell Stress Society International 2020

Abstract
α-Mangostin (MAN) is a bioactive compound isolated from the inedible pericarp of a tropical fruit mangosteen (Garcinia
mangostana Linn). It exhibits notable therapeutic potentials on lung cancers, but the underlying mechanisms are still largely
unknown. This study was designed to further explore the mechanisms involved in cytotoxicity ofMAN onA549 cells. Apoptosis
and cell cycle distribution were analyzed by flow cytometry methods. The fluorescent probes DCFH-DA and JC-1 were used to
assess the intracellular reactive oxidative species (ROS) and mitochondrial membrane potential statuses, respectively. The
regulation of MAN on relevant pathways was investigated by immunoblotting assays. The results obtained indicated that
MAN caused significant apoptosis and cell cycle arrest in A549 cells, which eventually resulted in inhibition on cell proliferation
in vitro. All these phenomena were synchronized with escalated oxidative stress and downregulation of nicotinamide
phosphoribosyltransferase/nicotinamide adenine dinucleotide (NAMPT/NAD). Supplementation with nicotinamide mononucle-
otide (NMN) and N-acetylcysteine (NAC) efficiently eased MAN-induced ROS accumulation, and potently antagonized MAN-
elicited apoptosis and cell cycle arrest. The pro-apoptotic effect of MAN was further confirmed by increased expressions of
cleaved caspase 3, 6, 7, and 9, and its effect on cell cycle progression was validated by the altered expressions of p-p38, p-p53,
CDK4, and cyclin D1. The immunoblotting assays also demonstrated that NAC/NMN effectively restored these molecular
changes elicited by MAN treatment. Collectively, this study revealed a unique anti-tumor mechanism of MAN by provoking
ROS production through downregulation of NAMPT/NAD signaling and further validated MAN as a potential therapeutic
reagent for lung cancer treatment.
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Introduction

Lung cancer (LC) is the most common cause of cancer-related
mortality globally. The global survey in 2012 showed that 1.8

million people are diagnosed with LC each year and approxi-
mately 1.6 million patients die as a result of the disease (Ferlay
et al. 2015; Wang et al. 2019). With the high incidence and high
mortality rate, LC imposes a great threat to the global public
health. Due to the large population size and heavy consumption
of cigarettes, China contributes approximately 35.78% of all
newly diagnosed cases of LC and 37.56% of LC-related mortal-
ity annually (Chen et al. 2015).

Two major subtypes of lung cancer have been identified,
small-cell lung carcinoma (SCLC) and non-small-cell lung car-
cinoma (NSCLC). NSCLC is the most common form of LC as it
accounts for 85% of all reported cases of LC (Wang et al. 2010;
Xue et al. 2012; DeSantis et al. 2016; Miller et al. 2016; Siegel
et al. 2016). Clinical efficacy of surgical resection is one of the
promising approaches for the management of early stage
NSCLC. However, due to lack of sensitive diagnostic bio-
markers and obvious symptoms, majority of patients present in
advanced stages and are not amenable to surgical procedures
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(Wang et al. 2010). As a result, chemotherapy is an indispensable
option in NSCLC treatments. Platinum-based doublet therapy,
which is a combination of one of the platinum agents such as
cisplatin, carboplatin, or nedaplatin with one of the third-
generation chemotherapy agents, has become the first line of
treatment worldwide (Horita et al. 2017; Reck et al. 2014).
Despite of the notable advancements of biotherapies achieved
in recent years, chemotherapy has never been challenged and is
still extensively used because of its effective and economic
merits. However, platinum and other conventional drugs also
have instinct shortages, such as potential toxicity, multidrug re-
sistance, high rate of recurrence, and metastasis (Miller et al.
2016; Hirsch et al. 2017; Tan et al. 2019). Therefore, the priority
of current NSCLC research attaches great importance to the ex-
ploration of new effective reagents with good safety profiles.

Nowadays, the application of natural products in tumor treat-
ment is a common alternative for conventional therapies. This
approach encourages scientists to screen out bioactive ingredients
with anti-tumor potentials from natural resources. Mangosteen
(GarciniamangostanaLinn.) is a tropical tree native to Southeast
Asian countries. Its pulp as a fruit is famous for its highly palat-
able fruit and sweet flavor. In recent years, mangosteen has
drawn intense attention from the pharmaceutical field as its ined-
ible pericarp is a rich source of oxygenated and prenylated xan-
thones, which possess impressive bioactivities and have promis-
ing applications in treatments of many diseases including cancers
(Pedrazachaverri et al. 2008; Ovalle-Magallanes et al. 2017;
Abdallah et al. 2016; Mohamed et al. 2017). These compounds
have displayed significant cytotoxicities on a panel of cancer cell
lines in vitro (Akao et al. 2008;Watanapokasin et al. 2010; Chitra
et al. 2010). Among the mangosteen-derived xanthone deriva-
tives,α-mangostin (Fig. 1A) is themost important because of the
high abundance and promising pharmaceutical potentials. It ex-
hibited significant cytotoxic effect on NSCLC and efficiently
inhibited the proliferation of A549 cells, as well as migration
and invasion (Phan et al. 2018; Shih et al. 2010; Cheng et al.
2014). However, the mechanisms underlying its anti-NSCLC
actions are still elusive. Available evidences suggested that α-
mangostin universally induced cell cycle arrest and apoptosis in
cancer cells (Kurose et al. 2012; Johnson et al. 2012; Kwak et al.
2016).We speculated that similar mechanisms could be involved
in the inhibitory actions ofα-mangostin on A549 cells. Thus, we
tested this assumption in this study and further identified the
possible target of α-mangostin on A549 cells.

Materials and methods

Chemicals and reagents

MAN (98% purity) was purchased from SanHerb Bioscience
Inc. (Chengdu, Sichuan, China). Fetal bovine serum (FBS) and
bovine serum albumin (BSA) were procured from Thermo

Scientific (Rockford, IL, USA). All the other reagents used for
cell culture, including Dulbecco’s Modified Eagle Medium
(DMEM), phosphate-buffered saline (PBS), and penicillin-strep-
tomycin, were supplied by Keygen Biotech (Nanjing, Jiangsu,
China). BCA protein quantitative kit, nicotinamide mononucle-
otide (NMN), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazo-
lium-bromide (MTT),N-acetylcysteine (NAC), and HRP/biotin-
conjugated secondary antibodies were purchased fromBeyotime
Biotech (Nantong, Jiangsu, China). Primary antibodies used in
immunoblotting assay were purchased from Cell Signaling
Technology (Beverly,MA,USA). Ultra-pure water was prepared
using a Milli-Q purification system (Millipore, Bedford, MA,
USA).

MTT assay and NAD determination

A549 cells were grown in DMEM supplemented with 10% (v/v)
FBS, 80 U/ml penicillin, and 0.08 mg/ml streptomycin under
humidified atmosphere with 5% CO2 at 37 °C. The cells were
passaged every 2 days at the ratio of 1:3. Cells at exponential
growth stage were seeded into a 96-well plate at a density of
10,000 cells/well and maintained overnight for attachment. The
cells were treated with MAN at various concentrations or in the
combination of NAC and NMN for 24 h. Afterwards, the super-
natant was replaced by100μl of freshmedium and 20μl ofMTT
solution (5mg/ml in PBS) was added. After an incubation period
of 4 h, the medium in wells was carefully removed and the
remaining crystals were dissolved with 150 μl of DMSO. The
optical density (OD) of samples was determined by amicro-plate
spectrophotometer (Bio-Rad Science Co. Ltd., USA) at 490 nm.

For NAD determination, cells seeded in 75-cm2 culture flasks
were treated with MAN at various concentrations. After treat-
ment, the cells were harvested and counted. Quantified cells were
lysed in the extraction solution provided in the NAD determina-
tion kit (Solarbio Science & Technology Co., Ltd., Beijing,
China). The obtained lysate was further denatured by boiling.
After a centrifugation at 12,000 rpm for 10 min, the supernatant
was collected for NAD quantitative analysis according to the
protocol provided by the manufacturer.

Intracellular ROS and mitochondrial membrane
potential evaluation

Intracellular ROS and mitochondrial membrane potential were
assessed by using DCFH-DA and JC-1 fluorescent probe, re-
spectively (Keygen Biotech, Nanjing, Jiangsu, China). All pro-
cedures were performed in accordance with the manufactures’
instructions. Briefly, cells seeded in 6-well plates (50,000 cells/
well) were maintained overnight and treated with varying con-
centrations of MAN or in combination with NMN and NAC for
24 h. The attached cells were washed thrice with ice-cold PBS
and then treated with DCFH-DA/JC-1 in serum-free medium.
After further incubation at 37 °C for 20 min, the intracellular
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oxidative stress and mitochondrial membrane potential were
evaluated based on the optical observations by using a BX53
fluorescence microscope (Olympus, Tokyo, Japan). DCFH-
DA-stained cells were obtained and subjected to the quantitative
analysis with the aid of a flow cytometry (FACSCalibur system,
Becton & Dickinson, San Jose, CA, USA).

Apoptosis and cell cycle analyses

The pro-apoptotic effect and cell cycle distributionwere analyzed
based on Annexin V-FITC/PI double or PI single-labeling

methods by using the corresponding staining kits provided by
Keygen Biotech (Nanjing, Jiangsu, China). Cells were seeded
into 6-well plates at suitable density and allowed to attach over-
night. The attached cells were then subjected to the same treat-
ments as described above and the cells used for cell cycle anal-
ysis were incubated in serum-free medium for 12 h before the
treatment. Subsequently, the treated cells were collected with
EDTA-free trypsin and washed twice with ice-cold PBS.

For apoptosis detection, the cells were re-suspended in 400μl
of binding buffer before incubation with Annexin V-FITC for
15 min at 2–8 °C in the dark. After further staining with PI in the

Fig. 1 (A) Chemical structure of
α-mangostin. (B) Inhibitory
effect of MAN on A549 cell
proliferation revealed by MTT
assay. (C) Morphological
observation of A549 cells under
MAN treatments. (D) Effect of
MAN on intracellular ROS
accumulation in A549 cells. (E)
The pro-apoptotic effect of MAN.
(F) Effect of MAN treatments on
cell cycle arrest
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dark for 5 min, the cells were subjected to qualitative assessment
or quantitative analysis by using the fluorescence microscope
and flow cytometry, respectively. The cells stained with both
Annexin V-FITC and PI were deemed as apoptotic cells. To
determine the cell cycle distribution, the obtained cells were fixed
in ice-cold 75% ethanol and kept at − 20 °C for 24 h. Before
analysis, the processed cells were washed twice with PBS, treat-
ed with RNase A, and then dyed with PI at 4 °C for 8 min. The
stained cells were subjected to the flow cytometry analysis.

Immunoblotting assay

Cells seeded in 6-well plates were treatedwithMANand lysed in
RIPA buffer supplemented with 1% phosphatase inhibitor cock-
tail on ice. The supernatant from the lysates was collected after
centrifuging at 12,000 rpm for 10 min at 4 °C, spiked into load-
ing buffer at a ratio of 4:1, and denatured by boiling. Quantified
proteins in samples were separated by SDS-PAGE and trans-
ferred to PVDF blotting membranes which were then blocked
with 5%BSA and incubated with appropriate primary antibodies
at 4 °C overnight. After the further incubation with secondary
antibodies at room temperature for 1 h, the signals were devel-
oped using an ECL detection kit on a Tanon 5200 system (Bio-
Tanon, Shanghai, China).

Statistical analysis

Results are expressed as means ± SD (n = 3). Statistical anal-
yses were performed using the SPSS statistical analysis soft-
ware version 14.0 (SPSS Inc. Chicago, IL, USA). The differ-
ences among different groups were evaluated based on one-
way analysis of variance followed with Tukey post hoc test.
Statistically significant was set at *P < 0.05 and **P < 0.01.

Results

MAN-induced cytotoxicity and ROS accumulation
in A549 cells

As shown in Fig. 1 B, MAN inhibited the proliferation of A549
cells in vitro in a concentration-dependent manner. Initially, the
effect was reinforced gradually with increase in treatment con-
centration; however, the proliferation inhibitory effect was signif-
icantly pronounced at a concentration above 6 μg/ml. The mor-
phological observation found that intenseMAN treatment caused
significant cytotoxicity. It severely damaged the integrity of in-
tracellular structures and elicited obvious vacuolization, swelling,
and karyorrhexis in treated cells (Fig. 1C). Meanwhile, we no-
ticed that all these negative effects on cells were synchronized
with escalating oxidative stresses. Treatment with MAN (below
6 μg/ml for 24 h) had little influence on intracellular ROS gen-
eration, whereas at higher concentrations (8 and 10 μg/ml), the

intracellular ROS level was significantly increased (Fig. 1D). As
apoptosis and cell cycle arrest are the two most common factors
involved in cytotoxicity, we carried out a flow cytometry analy-
sis. As anticipated, MAN substantially promoted apoptosis and
altered cell cycle distribution in A549 cells in a concentration-
dependent manner. Furthermore, it was observed that cell cycle
arrest occurred prior to apoptosis, as MAN at 8 μg/ml greatly
reduced the frequency of S phase (Fig. 1F), while it induced
significant apoptosis at 10 μg/ml (Fig. 1E).

MAN elicited ROS accumulation in A549 cells
by downregulation of NAMPT/NAD

As NAMPT/NAD serves as an indispensable component in the
ROS scavenging system, we speculated that intracellular ROS
accumulation could be a critical factor responsible for the inhib-
itory effect of MAN on this signaling pathway taken its potent
effect on NAMPT into consideration (Tao et al. 2018). To vali-
date this hypothesis, we assessed the intracellular levels of NAD
and found that MAN significantly reduced its level (Fig. 2A).
Furthermore, MAN suppressed NAMPT expression in A549
cells in a time- and concentration-dependent manner (Fig. 2B).
Based on these evidences, we optimized MAN treatment by
adopting 10 μg/ml and 24 h as the treatment concentration and
time in subsequent experiments. NMN is the dominant precursor
for NAD biosynthesis in mammals. Theoretically, NMN will
promote NAD production, which was validated by the in vitro
experiment (Fig. 2C). Furthermore, NMN increased NAMPT
expression in cells. The flow cytometry analysis also observed
that MAN (8 μg/ml) promoted ROS production. Additionally, it
was revealed thatMAN-elicited ROS accumulationwas reversed
by NAC and NMN (Fig. 2D). These results indicated that MAN
could increase oxidative stress by depleting NAD pool through
the inhibition on NAMPT. The consequent MTT assay found
that both NAC and NMN co-treatments weakened the effect of
MAN onA549 cell proliferation in vitro, which further validated
the plausiblemechanism involved in the cytotoxicity ofMANby
promoting ROS production through the downregulation of
NAMPT/NAD signaling.

Pro-apoptotic effect of MAN was mediated by its
inhibition on NAMPT/NAD

Mitochondrial membrane potential loss is a crucial cellular event
implicated in ROS-relevant apoptosis. It was observed that treat-
ment with MAN resulted in severe damages on the integrity of
mitochondrial membrane potentials as suggested by the strong
green fluorescence emitted by the monomer JC-1 probe. NAC
and NMN exhibited similar protective effects on MAN-treated
cells (Fig. 3A). It demonstrated that both NAC and NMN can
protect cells from apoptosis by scavenging intracellular ROS and
reducing the oxidative attack on mitochondrial membrane. The
antagonistic effects of NAC and NMN against MAN-induced
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apoptosis were also confirmed by the Annexin V-FITC/PI stain-
ing assay (Fig. 3B). Results from immunoblotting assay provided
direct evidences to support the conclusion above. Treatment with
MAN increased the expression of a panel of cleaved caspases,
including cleaved caspases 3, 6, 7, and 9, while both NAC and
NMN significantly restored these changes (Fig. 3C).

MAN-induced cell cycle arrest in A549 cells
through downregulation of NAMPT/NAD

As ROS is an activator of p38 pathway and also a potent inducer
of cell cycle arrest (Pan et al. 2016), we evaluated the effect of co-
treatment of NAC and NMN with MAN on cell cycle distribu-
tion. Similar to their effect on apoptosis, NAC and NMN

substantially reversed MAN-elicited cell cycle arrest in A549
cells (Fig. 4A). The mechanism underlying the effect of MAN
on cell cycle distribution was partially elucidated by western blot
analysis. As shown in Fig. 4 B, MAN promoted the phosphory-
lation of p38 and p53 and consequently led to the decline expres-
sion of cycling D1 and CDK4, which play central roles in cell
cycle progression. Consistent with the results from flow cytom-
etry analysis, it was observed that the regulatory effect of MAN
on the proteins mentioned above mainly occurred at higher con-
centrations (not less than 8 μg/ml). To further validate the role of
NAMPT/NAD-mediated ROS accumulation in the regulation of
p38/p53 and consequent cell cycle arrest, we co-treated A549
cells with NAC/NMN and MAN. The results obtained solidly
supported the assumption that p38 activation elicited cell cycle

Fig. 2 MAN elicited ROS accumulation in A549 cells by
downregulation of NAMPT/NAD. (A) Effect of MAN on intracellular
NAD levels. (B) The time-dependent inhibition of MAN on NAMPT
expression (top) and the concentration-dependent inhibition of MAN on
NAMPT expression (below). (C) NMN supplementation (200 μM for
24 h) upregulated NAMPT/NAD in A549 cells. (D) NAC and NMN
co-treatment eased MAN-induced ROS accumulation. (E) The

antagonistic effect of NAC and NMN against MAN-induced inhibition
on proliferation of A549 cells. Data are expressed as means ± SD (n = 3).
Statistical analyses were performed using the SPSS and differences
among different groups were evaluated using ANOVA followed by
Tukey post hoc test. *P < 0.05 compared with normal control (Fig. 2A
and C), **P < 0.01 compared with normal control (Fig. 2A), **P < 0.01
compared with MAN-treated cells (Fig. 2E)
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arrest under MAN treatment was achieved by the regulation on
NAMPT/NAD-controlled ROS accumulation, as both NAC and
NMN efficiently reversed the molecular changes related to cell
cycle progression (Fig. 4B).

Discussion

The demand for food and fruit derivatives has greatly in-
creased in recent years due to their invaluable usefulness as
food supplements and multiple health benefit claims,

especially in the treatment of metabolic disorders, cancer,
and neurodegenerative diseases. Mangosteen is popularly re-
ferred to as the queen of fruits due to its unique flavor, pleasant
aroma, and high nutritional value. The safety profile and mul-
tiple pharmacological properties of mangosteen have created
so much interest in the fruit (Ovalle-Magallanes et al. 2017;
Mohamed et al. 2014; Genovese et al. 2016). The pericarp
possesses significant medicinal properties and has been used
to treat various diseases for hundreds of years. Accumulating
evidences suggested this plant has a promising application in
the treatment of cancers (Kwak et al. 2016; Cheng et al. 2014;

Fig. 3 MANpromoted apoptosis in A549 cells by regulation of NAMPT/
NAD-controlled ROS accumulation. (A) Effect of MAN and co-
treatments with NAC/NMN on mitochondrial membrane potentials. (B)
NAC and NMN protected cells from apoptosis under MAN
treatment indicated by Annexin V-FITC/PI double staining. (C) NAC
and NMN restored MAN-induced increases in cleaved caspase

expression: (a) results of the immunoblotting assay and (b) quantification
of immunoblotting assay. Data are expressed as means ± SD (n = 3).
Statistical analyses were performed using the SPSS and differences
among different groups were evaluated using ANOVA followed by
Tukey post hoc test. *P < 0.05 compared with MAN-treated cells,
**P < 0.01 compared with MAN-treated cells
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Shih et al. 2010). Because of its medicinal usage and safety
merits, many mangosteen products have been developed and
marketed to cancer patients as dietary supplements, although
many fundamental issues especially concerning the therapeu-
tic mechanisms are still not thoroughly addressed (Yeung
2006). Given the high volume as an agricultural byproduct,
fully exploiting the medicinal value of mangosteen pericarp is

not only technically feasible but also economically efficient
and environmentally friendly. Alpha-mangostin (MAN) is the
major compound from mangosteen and it exhibits versatile
bioactivities and contributes mostly to the anti-tumor poten-
tials (Phan et al. 2018; Kurose et al. 2012; Johnson et al. 2012;
Cheng et al. 2014). Therefore, a better understanding of the
relevant mechanisms involved in the therapeutic actions of

Fig. 4 Downregulation of NAMPT/NAD involved in cell cycle arrest in
A549 cells receivingMAN treatments. (A) NAC andNMN co-treatments
restored phase S decline in cells induced by MAN stimulus. (B) regula-
tory effect of MAN on critical signals involved in cell cycle progression
control: (a) MAN regulated the expressions of p-p38, p-p53, CDK4, and
cyclin D1 in a concentration-dependent manner. (b) NAC and NMN

reversed the regulation of MAN on cell cycle–related proteins. (c)
Quantification of immunoblotting assay. Data are expressed as means ±
SD (n = 3). Statistical analyses were performed using the SPSS and dif-
ferences among different groups were evaluated using ANOVA followed
by Tukey post hoc test. *P < 0.05 compared with MAN-treated cells;
**P < 0.01 compared with MAN-treated cells
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MAN on cancers is of great clinical interest and also crucial
for the exploitation of mangosteen as an anti-tumor remedy.

Cell cycle arrest and apoptosis are the two main cellular
events occurring in cancer cells under MAN stimulus (Kurose
et al. 2016; Johnson et al. 2012; Kwak et al. 2016). These
changes lead to the proliferation inhibition and eventual death
of cells and would have pronounced influence on the treated
subjects with cancers. However, the upstream targets associ-
ated to these changes are still elusive. Many studies found that
MAN can provoke ROS production in cancer cells, which
substantially activates certain oxidative stress-sensitive and
apoptosis-related pathways (Lee et al. 2017; Asif et al.
2018). In addition, ROS is also a potent inducer of cell cycle
arrest in various cells including A549 cells (Wu et al. 2005). A
recent study clearly illustrated that ROS-mediated cytotoxicity
was greatly responsible for the inhibitory effects of MAN on
NSCLC cells (Zhang et al. 2018). The bright red-orange fluo-
rescence emitted by J-aggregates (the aggregate from accumu-
lated JC-1 probe inside organelles) was observed in normal
control cells, suggesting these cells were totally intact. These
clues convince us that ROS is the upstream converge of some
critical pathways manipulating the fate of cells, and ROS ac-
cumulation could be the common reason for MAN-induced
cell cycle arrest and apoptosis in NSCLC cell lines. The inhi-
bition ofMAN onA549 cells seems to progress in two phases.
Moderate MAN stimulus (below 8 μg/ml) caused accumulat-
ing ROS production in cells and further activated p38/p53
pathway leading to cell cycle arrest and proliferation inhibi-
tion. Upon increase in MAN concentration, the intracellular
oxidative stress was further intensified. The hazardous radi-
cals attack the mitochondrial membrane, which then causes
loss of potentials. These changes inevitably resulted in cas-
pase leakage and cleavage and subsequently initiated apopto-
sis processes. Thus, apoptosis other than cell cycle arrest may
account for the cytotoxicity under intense MAN stimulus.

These findings revealed the importance of ROS in NSCLC
treatment. However, it also raised another question. As a typ-
ical polyphenol, MAN is usually conceptualized as an antiox-
idant (Jung et al. 2006). Accordingly, MAN possesses notable
antioxidative effects and it exhibits protective potentials
against ROS-induced injuries (Pedraza-Chaverrí et al. 2009;
Sánchez-Pérez et al. 2010). It seems to be contrary to our
observation and similar reports, and the subtle effect of
MAN on redox status should be further characterized.
Previously, we found the exact outcomes from xanthones
treatments were concentration- and time-dependent (Zuo
et al. 2017). In other words, MAN usually acts as an antiox-
idant in most cases, while intense stimulus will result in ROS
accumulation and cytotoxicity. Hafeez and colleagues found
that MAN treatments under the same conditions selectively
elicited cytotoxicity in cancer cells but not normal cells
(Hafeez et al. 2014). Considering the profound influence of
MAN on redox status, this phenomenon inspired us to

hypothesize that metabolic differences should account for
the selective inhibition on cancer cells by MAN.
Overexpression of NAMPT has been recognized as a common
characteristic of cancers (Garten et al. 2009; Bi & Che 2010).
As the rate-limiting enzyme in the biosynthesis of NAD in
mammals, NAMPT controls the metabolic rate in vivo.
Upregulation of NAMPT/NAD reflects the high energy de-
mand under cancer circumstances and accelerates the prolif-
eration of the pathological cells (Garten et al. 2009; Bi & Che
2010). It also enhances the tolerance of cancer cells to ROS
and allows them to survive under some extreme conditions
such as chemotherapy and other therapies, since NAMPT/
NAD is an important component of radical scavenging system
(Bułdak et al. 2013; Cerna et al. 2012). Cancer cells are much
more vulnerable to NAMPT inhibition than normal cells, and
MAN could selectively elicit ROS accumulation in cancer
cells rather than normal cells due to its effective effects on
NAMPT expression.

Conclusion

In this study, the potentials of MAN in the treatment of
NSCLC based on its significant cytotoxicity in A549 cells
in vitro was investigated. MAN downregulated NAMPT/
NAD signaling in treated cells, and therefore provoked ROS
production, which should largely account for the notable ap-
optosis and cell cycle arrest. These facts revealed the crucial
role of the subtle oxidative balance in determining the fate of
cells, and demonstrated that NAMPT/NAD could be an effec-
tive target for cancer treatments.
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