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FK866 inhibits the epithelial-mesenchymal transition
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Abstract. Epithelial-mesenchymal transition (EMT) is
known to serve a pivotal function in hepatocellular carcinoma
(HCC) metastasis. Nicotinamide phosphoribosyltransferase
(NAMPT), the key enzyme in the nicotinamide-adenine
dinucleotide (NAD")-mediated pathway for the activation of
silent information regulator 1 (SIRT1), serves a key function
in HCC cell invasion and metastasis. Previous studies
demonstrated that FK866, a targeted NAMPT inhibitor,
inhibits the viability of HCC cells and induces cancer cell
apoptosis; however, the effect of FK866 on the invasion and
metastasis of HCC cells, particularly those associated with
EMT through the SIRT1 pathway, remains unknown. In the
present study, FK866 was identified to inhibit the capability
of invasion and metastasis of cells from the HCC MHCC97-H
line in a dose-dependent manner using a wound healing assay,
an invasion assay and a migration assay. Furthermore, FK866
markedly decreased NAD* and adenosine 5'-triphosphate
content in MHCC97-H cells by inhibiting NAMPT expression.
The results of the present study also revealed that FK866 led
to a decrease in the expression of SIRTI, and to increased
and decreased levels of the EMT marker proteins epithelial
cadherin and vimentin, respectively, in MHCC97-H cells.
Furthermore, FK866 inhibited the SIRT1-mediated EMT,
invasion and migration of HCC cells by decreasing the
expression of the NAMPT/NAD™ pathway. Taken together,
the results of the present study suggest that FK866 may be
an effective drug targeting HCC metastasis and invasion, and
that the NAMPT/NAD*/SIRT1 pathway may be a potential
therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause
of cancer-associated mortality worldwide, although the
survival rate of patients with HCC has improved due to cura-
tive treatments, including surgical techniques, perioperative
management and a targeted drug (sorafenib) (1). However,
long-term survival following surgical resection remains diffi-
cult to achieve owing to the high rate of cancer cell invasion
and metastasis (2). The epithelial-mesenchymal transition
(EMT) is a complex cellular process, and may be one of the
underlying molecular mechanisms for enabling cancer cell
invasion and metastasis, which are considered to be malignant
phases of tumor progression. Furthermore, EMT has been
widely reported to serve a central function in the process
of HCC metastasis (3). Therefore, the development of novel
agents targeting the EMT in HCC is an urgent requirement.

Silent information regulator 1 (SIRT1), a member of the
mammalian sirtuin family (SIRT1-SIRT7), is involved in
numerous biological processes, including drug resistance,
aging, apoptosis, and tumor development and progres-
sion (4-8). Notably, previous studies have revealed that
SIRT]1 is associated with the EMT of HCC. The overexpres-
sion of SIRT1, which is frequently detected in human HCC
specimens, promotes HCC metastasis through the EMT (9,10).
SIRT1 has been proposed as a key regulator of cancer metas-
tasis by promoting EMT. As SIRT]1 is a nicotinamide-adenine
dinucleotide (NAD*)-dependent histone deacetylase, the abun-
dance of NAD* directly regulates the activity of SIRT1 (11).
Nicotinamide phosphoribosyltransferase (NAMPT) is the
rate-limiting enzyme in the synthesis of NAD* via a salvage
pathway (12); its expression directly determines NAD*
levels (13). Thus, the NAMPT/NAD*/SIRT1 pathway may be a
potential alternative target in the treatment of HCC.

Previous studies have identified that FK866, a novel
small-molecule NAMPT inhibitor, possesses an anticancer
function in numerous types of cancer, including colon
cancer, HCC, breast cancer, Ewing sarcoma, lung cancer and
pancreatic cancer (12,14-18). FK866 markedly decreases the
NAMPT activity and NAD* content in HCC cells and leads
to the decrease of adenosine 5'-triphosphate (ATP) levels,
which is associated with an increased rate of cell death (14).
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The inhibitory effects of FK866 on NAD™* and ATP activity,
and NAD*/SIRT1 signaling, have been well-studied and
reported (19-21). However, to the best of our knowledge, the
effect of FK866 on the invasion and metastasis of HCC cells,
in particular through regulating the NAMPT/NAD*/SIRT1
pathway, has not yet been reported.

The aim of the present study was to investigate whether
FK&866 inhibited the EMT, migration and invasion of HCC
cells by mediating the NAMPT/NAD? signaling pathway. The
inhibition of the viability of HCC cell line MHCC97-H by
FK866 through the decrease in NAMPT activity and NAD*
levels was demonstrated. Furthermore, the FK866-induced
suppression of the SIRT1 expression and metastatic capability
of MHCC97-H cells via the NAMPT/NAD* pathway was
revealed, as well as the decrease in vimentin levels and increase
in epithelial (E-)cadherin levels. These results indicate that the
NAMPT/NAD*/SIRT1 pathway may be a potential alternative
therapeutic target and that FK866 may be an effective drug
targeting HCC metastasis and invasion.

Materials and methods

Cells and treatments. The human liver tumor cell line
MHCC97-H was obtained from Shanghai Zhong Qiao Xin
Zhou Biotechnology Co., Ltd. (Shanghai, China) and main-
tained in Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
containing 10% fetal bovine serum (FBS; Excell Biology,
Inc., Shanghai, China), penicillin (100 U/ml) and streptomycin
(100 pg/ml) (Gibco; Thermo Fisher Scientific, Inc.) under 95%
air and 5% CO, at 37°C. For cell treatments, MHCC97-H cells
were cultured and treated with FK866 (Beyotime Institute of
Biotechnology; Shanghai, China) at concentrations of 0, 1.25,
2.5,5, 10,20 and 40 nM.

Cell Counting Kit-8 (CCK-8) assay.In total, ~5x10° cells/well
were seeded into 96-well plates (Corning Life Sciences Inc.,
Midland, MI, USA) and treated with various concentrations
of FK866 (0, 1.25, 2.5, 5, 10, 20 and 40 nM). Following
incubation for 24, 48 and 72 h at 37°C, CCK-8 (5 mg/ml;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
added to each well and cells were incubated for an additional
1 h. Subsequently, the absorbance of the colored product was
measured at 450 nm using a plate reader (Molecular Devices,
LLC, Sunnyvale, CA, USA). Each experiment was performed
at least three times.

NAD* assay. Total cellular NAD* was measured using a
Microdetermination assay kit (Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China). In total, 5x10° cells
were seeded in a cell culture bottle and treated with various
concentrations of FK866 (0, 2.5, 5 and 10 nM) for 24 h at
37°C. Following the addition of 1 ml alkaline extract (Beijing
Solarbio Science & Technology, Co., Ltd., Beijing, China) the
mixture was ultrasonicated for 1 min and heated at 95°C for
5 min in a water bath. From the mixture, 500 ul supernatant
was collected and centrifuged at 10,000 x g for 10 min at 4°C.
Subsequently, 500 pl acid extract was added to the supernatant
of the previous centrifugation and centrifuged at 10,000 x g
for 10 min at 4°C; then extracted the supernatant and preserved
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on ice. Of this supernatant, 200 ul was used for downstream
procedures according to the protocol for the NAD* detection
kit, using microdetermination. The absorbance was measured
at 570 nm using a plate reader and the concentration of NAD*
was determined.

ATP measurement. Total cellular ATP levels were measured
using the Microdetermination assay kit. In total, 5x10° cells
were seeded and treated with various concentrations of
FK866 (0, 2.5, 5 and 10 nM) for 24 h at 37°C. Following the
addition of 1 ml acid extract, cells were ultrasonicated for
1 min and 500 pl supernatant was collected and centrifuged
at 8,000 x g for 10 min at 4°C. Subsequently, 500 1 alkaline
extract was added to the supernatant of the previous centrifu-
gation, the mixture was centrifuged at 8,000 x g for 10 min at
4°C, and the supernatant was preserved on ice. Finally, 200 ul
supernatant was used for downstream microdetermination
experiments using the ATP detection kit. According to the
manufacturer's protocol, the absorbance was measured at
700 nm using a plate reader and the concentration of ATP
was determined accordingly.

Wound healing assay. In total, 1x10° cells were seeded into
6-well plates (Corning Life Sciences, Inc.) and incubated at
37°C until the cells reached a confluence of =90%. A scratch
was created using a sterile 10-ul pipette tip. Subsequently,
the cells were treated with various concentrations of FK866
(0,2.5,5 and 10 nM) for 24 h at 37°C. Images were acquired
at 0 h and 24 h using an inverted light microscope (CKX41;
Olympus Corporation, Tokyo, Japan). Thus, relative migration
distance=(the gap at 0 h - the gap at 24 h)/the gap at O h. Cell
healing and migration was observed by comparing the relative
migration distance of cells treated with different concentra-
tions of FK866 (0 and 10 nM) for 24 h.

Cell migration assay. In total, 2x10* cells were plated in 200 pl
DMEM without serum and containing different concentra-
tions of FK866 (0, 2.5, 5 and 10 nM) in the upper chamber of
a Transwell chamber (Corning Life Sciences, Inc.). A 500 ul
volume of DMEM containing 20% FBS and similar concen-
trations of FK866 were added to the lower chamber, and the
cells were incubated for 24 h at 37°C. Subsequently, the cells
on the upper surface of the membrane were removed using
a cotton swab. The cells that migrated through the pores to
the lower surface of the filter were fixed in 4% formaldehyde
for 20 min and stained with 0.1% crystal violet dye for 20 min
at 20°C. Following staining, the cells were washed three
times with PBS (Sigma-Aldrich; Merck KGaA). The outside
membrane cells were observed at x200 magnification using
an upright light microscope (Eclipse 80i; Nikon Corporation,
Tokyo, Japan) and 5 fields were randomly selected to calculate
an average cell count. This procedure was performed three
times.

Transwell invasion assay. Matrigel invasion chambers
installed with an 8.0 ym polyethylene terephthalate membrane
in 24-well plates (Corning Life Sciences, Inc.) were used. In
total, 5x10* cells in 200 x1 DMEM without serum were plated
in each upper chamber, and 500 yl DMEM containing 20%
FBS was added to the lower chamber as a chemoattractant; the
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upper and lower chambers contained similar concentrations of
FK866 (0, 2.5, 5 and 10 nM). After 24 h of conventional incu-
bation at 37°C, the cells on the upper surface were wiped with
a cotton swab. The cells that invaded through the Matrigel and
pores to the lower surface of the filter were fixed in 4% form-
aldehyde for 20 min and stained with 0.1% crystal violet for
20 min at 20°C, and then washed three times with PBS. The
outside membrane cells were observed at x200 magnification
using an upright light microscope and 5 fields were selected
randomly to calculate an average cell count. This procedure
was performed three times.

Western blot analysis. In total, 5x10° cells were seeded in a
cell culture bottle and treated with various concentrations
of FK866 (0, 2.5, 5 and 10 nM) for 24 h at 37°C. All cells
were washed three times (5 min each) with ice-cold PBS and
MHCC97-H cells suspended in radioimmunoprecipitation
assay lysis buffer (50 mM Tris/HCI, pH 7.4, 2 mM EDTA,
1 mM dithiothreitol and 150 mM NacCl), containing 1%
protease inhibitor cocktail (Thermo Fisher Scientific, Inc.),
followed by centrifugation at 12,000 x g for 5 min at 4°C to
remove the cellular debris. Protein concentrations were deter-
mined using the enhanced Bincinchoninic Acid Protein assay
kit (Pierce; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. An equivalent of 50 pg protein extract
was separated by SDS-PAGE (10% gel) and transferred onto
polyvinylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA). The membranes were blocked in Tris-buffered
saline with 0.1% Tween-20 containing 5% non-fat milk for
1 h at room temperature. Subsequently, the membranes were
probed with the primary antibodies anti-E-cadherin (mouse;
dilution, 1:1,000; cat. no. abl416; Abcam, Cambridge, UK),
anti-SIRT1 (rabbit; dilution, 1:1,000; cat. no ab32441; Abcam)
and anti-vimentin (rabbit; dilution, 1:1,000; cat. no. ab92547,
Abcam) at 4°C overnight, and detected using appropriate
horseradish peroxidase-conjugated secondary antibody
(Goat anti-rabbit; dilution, 1:2,000. no. ab97051; Abcam)
and enhanced chemiluminescence reagent (Pierce; Thermo
Fisher Scientific, Inc.). The expression level of the proteins
was normalized to that of GAPDH (dilution, 1:1,000; cat.
no. ab9485; Abcam), which served as an endogenous control.
Western blots were subjected to densitometric analysis using
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 5 software (version 6.02; GraphPad Software,
La Jolla, CA, USA). Data from 3 independent experiments
were expressed as the mean + standard deviation. Statistical
significance between the groups was determined using one-way
analysis of variance, followed by Student-Newman-Keuls
analyses. P<0.05 for a two-tailed test was considered to indi-
cate a statistically significant difference.

Results

FK866 inhibits the viability of the HCC cell line MHCC97-H.
As a targeted NAMPT inhibitor, FK866 inhibits the viability
of the HCC cells and induces cancer cell apoptosis (14). In the
present study, the effects of FK866 on HCC cell viability were
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Figure 1. Inhibitory effects of FK866 on MHCC97-H cells as demon-
strated using a Cell Counting Kit-8 assay. Cells were treated with various
concentrations of FK866 (0-40 nM) for 24, 48 and 72 h. The cell viability
is represented as the percentage cell count relative to the control as the
mean =+ standard error of the mean of 5 replicates in 3 separate experi-
ments. "P<0.05.

investigated, using the highly metastatic human MHCC97-H
cell line. The inhibitory effects of FK866 on the cell viability
of MHCC97-H cells were observed using the CCK-8 cell
viability assay. Following incubation for various durations (24,
48 and 72 h), the cell viability was determined by measuring the
absorbance at 450 nm. No significant difference was observed
among the FK866-untreated group and the FK866-treated
groups at lower concentrations (1.25 and 2.5 nM). Compared
with the FK866-untreated group, FK866 at medium and high
doses (5, 10, 20 and 40 nM) suppressed the cell viability
significantly. However, no significant difference was observed
among the FK866-treated groups at medium (10 nM) and high
doses (20 and 40 nM). We also think that high concentration
of FK866 has a greater toxic effect on normal cells; so, we
screened a more reasonable range of drug concentration (0,
2.5,5 and 10 nM) for subsequent experiments. Furthermore, no
significant difference was detected in the level of cell viability
using the CCK-8 assay at various time points (24-72 h). The
data suggest that FK866 inhibits the viability of MHCC97-H
cells in a dose-dependent, but not a time-dependent, manner

(Fig. 1).

FK866 decreases the levels of NAD* and ATP in MHCC97-H
cells. NAD" is the reaction substrate of ATP and is predomi-
nantly synthesized via the salvage pathway in normal and
tumor cells. NAMPT is the rate-limiting enzyme in the salvage
pathway, affecting the synthesis rate and NAD* level (20).
It was hypothesized that FK866 suppresses the viability of
MHCCO97-H cells by inhibiting NAMPT and decreasing the
levels of NAD" and ATP. Therefore, various concentrations of
FK866 (0, 2.5, 5 and 10 nM) were added to the cells for 24 h.
Compared with the FK886-untreated group, the levels of ATP
and NAD" in all the FK866-treated groups (2.5, 5 and 10 nM)
were significantly lower (P<0.05), as presented in Fig. 2.
Furthermore, it was identified that FK866 led to the decrease
in NAD*and ATP levels in a dose-dependent manner. At
the highest concentration of FK866, the levels of NAD* and
ATP were at their lowest. These results suggest that FK886


https://www.spandidos-publications.com/10.3892/ol.2018.9541

7234
A 151
= ' x ‘
£ | 5 |
(=4 I l
8 1.0
S
&
@
3
; 0.5-
a
<
=
0.0 -
0 2.5 5 10

Concentration of FK866 (nM)

ZHANG et al: FUNCTION OF FK866 IN THE EPITHELIAL-MESENCHYMAL TRANSITION OF HCC CELLS

B 15-

-
o
L

ATP level (% of control)
o
(4]
1

o
o
L

0 25 5 10
Concentration of FK866 (nM)

Figure 2. FK866 decreased the levels of NAD* and ATP. MHCC97-H cells were treated for 24 h with various concentrations of FK866 (0, 2.5, 5 and 10 nM)
and the cells were collected to determine the levels of NAD* and ATP. (A) FK866 significantly decreased the NAD* level. (B) FK866 significantly decreased
the ATP level. The levels of NAD* and ATP are expressed relative to the control as the mean + standard error from 6 replicates of 3 separate experiments.
“P<0.05. NAD, nicotinamide-adenine dinucleotide; ATP, adenosine 5'-triphosphate.
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Figure 3. FK866 inhibits the healing ability of MHCC97-H cells in a concentration-dependent manner. Images of (A) control cells and (B) cells treated with
10 nM FK866 at 0 h; (C) control and (D) treated cells at 12 h; and (E) control cells and (F) treated cells at 24 h post-scratch. Scale bars, 200 ym. (G) The
breadth of the wound at the initial time point (0 h) was normalized to 1 and measurements at 12 and 24 h were made relative to the initial time point. The
values of the bars are the mean of 6 replicates in 3 separate experiments. The error bars represent the mean + standard error of the mean of 6 replicates in 3

separate experiments. 'P<0.05.

decreases the NAMPT activity, which causes a decline in the
levels of NAD* and ATP in MHCC97-H cells.

FK866 inhibits the invasion and migration of MHCC97-H
cells. The effects of FK866 on the invasion and metastasis
of MHCCO97-H cells were investigated using wound healing,
invasion and migration assays. MHCC97-H cells were treated
with FK866 (10 nM) and those untreated served as a negative
control. After 24 h, the wound closures of control group were
significantly decreased (P<0.05) compared with those at 0 h;
however, the wound closures of FK866 (10 nM)-treated cells

were not significantly decreased compared with those at 0 h
(Fig. 3) (FK866 at 2.5 and 5 nM did not exhibit a significant
effect compared with the control group; therefore, we chose
two groups (0 and 10 nM) with significant differences in the
results). This indicates that FK866 inhibits the healing ability
of MHCC97-H cells. The migratory and invasive capabilities
of MHCCO97-H cells were measured using Transwell assays.
The number of cells invading into the lower chambers was
significantly lower upon treatment with FK866 for 24 h
compared with those in the vehicle-treated control group and
the decrease occurred in a concentration-dependent manner
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Figure 4. FK866 inhibits MHCC97-H cell invasion and migration. Transwell assays were performed in a chamber (A) without or (B) with Matrigel coating to
analyze the effect of FK866 on the migration or invasion of MHCC97-H cells. FK866 (0, 2.5, 5 and 10 nM) suppressed the invasive and migratory ability of
the MHCC97-H cells in a concentration-dependent manner, as assessed by the migration and invasion assay. The plots reveal the numbers of (C) migrated and

(D) invaded cells at 24 h. "P<0.05 vs. 0 nM FK866. Scale bars, 50 ym.

(Fig. 4). These data suggest that FK866 treatment for 24 h
results in a significant decrease in the invasive and migratory
capabilities of MHCC97-H cells in a concentration-dependent
manner compared with control cells.

FK866 inhibits the expression of SIRTI and reverses the
EMT in the HCC cell line MHCC97-H. Subsequently, the
molecular mechanism underlying FK866-mediated inhibi-
tion of MHCC97-H cell invasion was investigated. SIRT1
participates in the EMT process of HCC, and E-cadherin and
vimentin, as EMT markers, serve critical functions in cancer

cell invasion (9,10). The results of the present study indicated
that the expression of SIRT1 and vimentin was downregulated
significantly and that of E-cadherin was upregulated signifi-
cantly at the protein level by 10 nM FK866, as compared with
the vehicle-treated control group (Fig. 5).

Discussion
HCC is one of the most common causes of malignant tumors,

with a poor prognosis and a clinical 5-year postoperative recur-
rence rate of 70%, due primarily to high invasion and migration
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Figure 5. Effect of FK866 on the protein expression of SIRT1, E-cadherin and vimentin. FK866 inhibited the expression of SIRT1 at 10 nM concentration.
SIRT1 inhibited the expression of vimentin at 5 and 10 nM, and promoted the expression of E-cadherin protein in MHCC97-H cells treated with 2.5, 5 and
10 nM FK866 for 24 h as compared with the control group (0 nM), (A) as measured by western blot analysis. Relative expression of (B) SIRT1, (C) vimentin
and (D) E-cadherin in treated MHCC97-H cells compared with the untreated control. The data in the plots are expressed as the mean =+ standard error of the
mean of 5 replicates in 3 independent experiments. The protein expression levels were normalized to those of GAPDH. "P<0.05. SIRT], silent information

regulator 1; E-cadherin, epithelial cadherin.

rates of the HCC cells (1,2). HCC cell invasion and migration
are two of the most clinically important characteristics of the
tumor, and EMT serves a crucial function in these processes (3).
Therefore, identifying potential novel targeted agents that are
effective against EMT in HCC is an urgent requirement. In the
present study, novel small-molecule NAMPT inhibitor FK866
was revealed to inhibit NAMPT/NAD?*/SIRT 1-mediated EMT,
suggesting that FK866 may be a novel targeted drug for the
treatment of patients with metastatic HCC.

In normal and tumor cells, NAD* participates in several
critical biological processes, including transcription, cell cycle
progression, DNA repair, and circadian rhythm and metabolic
regulation (22). NAD* is predominantly synthesized via the
salvage pathway. NAMPT is the rate-limiting enzyme in the
salvage pathway of NAD* and catalyzes the conversion of
nicotinamide (a main precursor of NAD*) into nicotinamide
mononucleotide. The survival of the tumor cells requires
more NAD* and NAMPT compared with that of the normal
cells (23). One of the most important functions of NAD" is

to act as an acetylation substrate of SIRT1, whose activity is
directly regulated by the NAD* salvage pathway, in particular
by the rate-limiting enzyme NAMPT (20). Consistent with
these studies, the results of the present study revealed that
inhibiting the expression of NAMPT suppresses the levels of
NAD" and SIRT1. It has been identified previously that SIRT1
is associated with the EMT process of HCC (24). The level
of SIRT1 increases in HCC, a phenomenon that is associated
with poor prognosis in patients with HCC (25). SIRT1 also
serves important functions in HCC stem cell self-renewal and
promotes the invasiveness of tumor cells (25,26). E-cadherin
and vimentin are EMT marker proteins that serve a central
function in cancer cell invasion; SIRT1 is associated with the
expression of invasive proteins in the tumor (9,10). SIRT1 is
a critical regulator of cancer progression, by participating in
HCC metastasis via EMT promotion (24). However, to the best
of our knowledge, the precise molecular mechanism of how
SIRT1 affects the invasion and metastasis of HCC cells has not
yet been elucidated. In the present study, the function of SIRT1
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Figure 6. Function of FK866. In normal and tumor cells, NAD* is predomi-
nantly synthesized via the salvage pathway. NAMPT, as the rate-limiting
enzyme in the salvage pathway of NAD*, catalyzes the conversion of NAM
(a main precursor substance of NAD*) into NMN. One of the major func-
tions of NAD" is an acetylation substrate of SIRT1, whose activity is directly
regulated by the nicotinamide to NAD" salvage pathway, in particular the
rate-limiting enzyme NAMPT. FK866, as the NAMPT inhibitor, inhibits
the cell NAMPT/NAD*/SIRT1 pathway and reverses the expression of EMT
marker proteins, by upregulating E-cadherin and downregulating vimentin
protein expression. NAD*, nicotinamide adenine dinucleotide; NAMPT,
nicotinamide phosphoribosyltransferase; NAM, nicotinamide; NMN, nico-
tinamide mononucleotide; SIRT1, silent information regulator 1; E-cadherin,
epithelial cadherin; EMT, epithelial-mesenchymal transition.

in the EMT process of HCC cells was investigated using cell
invasion and metastasis assays. Inhibiting the level of SIRT1
leads to the suppression the EMT, as demonstrated by the
upregulation of E-cadherin and downregulation of vimentin.
Furthermore, SIRT1 inhibits the EMT process by inhibiting
the NAMPT/NAD* pathway.

Subsequently, the inhibitory regulation of the
NAMPT/NAD*/SIRIT1 pathway required further investigation.
FK866, as an NAMPT inhibitor, significantly decreases the
NAD* levels by inhibiting NAMPT; it also markedly inhibits the
viability of different types of tumor cells (7,13-16). The results
of the present study further confirm that FK866 decreases the
levels of NAD* and ATP and suppresses the viability of HCC
cells by inhibiting NAMPT in MHCC97-H cells.

FK866 has been used in a Phase II clinical trial as an anti-
tumor drug (27). A recent study identified that FK866 provides
a novel therapeutic strategy to enhance the efficacy of chemo-
therapeutic agents, including etoposide, against leukemia (28).
Furthermore, FK866 also significantly enhances the antitumor
activity of gemcitabine in pancreatic ductal adenocarcinoma
cells and orthotopic xenograft mouse models, suggesting
that FK866 may aid in overcoming gemcitabine resistance
by decreasing the NAD* level and suppressing the glycolytic
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activity in pancreatic cancer treatment (29). However, the
inhibitory effect of FK866 on tumor invasion and metastasis
is rarely reported. In the present study, for the first time, the
inhibitory function of the NAMPT-specific inhibitor FK866
in SIRT1-induced EMT in HCC was revealed, suggesting that
FK866 may be used as a novel SIRT1 inhibitor. Regarding
cell phenotype, these results indicated that FK866 inhibits
MHCC97-H cell invasion and metastasis. In addition, FK866
decreases the SIRT1 protein expression and reverses that of
EMT marker proteins; specifically, it upregulates E-cadherin
and downregulates vimentin protein expression. The function
of FK866 on EMT is demonstrated in a schematic diagram
(Fig. 6).

In summary, NAMPT/NAD*/SIRT]1 is associated with
energy metabolism in a number of downstream protein regula-
tory pathways that together comprise a systemic regulatory
network in HCC cell invasion and migration.

The results of the present study confirm that FK866
significantly decreases the levels of NAD* and ATP, and
suppresses the cell invasion and metastasis by inhibiting the
NAMPT/NAD?/SIRT1 signaling pathway in MHCC97-H
cells. Overall, these results suggest that FK866 may be an effec-
tive targeted HCC drug and that the NAMPT/NAD*/SIRT1
pathway may serve as a potential therapeutic alternative for
HCC metastasis.
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