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Small interfering RNA-mediated knockdown of fatty acid
synthase attenuates the proliferation and metastasis of human
gastric cancer cells via the mTOR/Glil signaling pathway
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Abstract. Fatty acid synthase (FASN), the main enzyme
involved in de novo lipogenesis, is overexpressed in several
types of tumor tissues. In addition, it is associated with
tumor cell proliferation, metastasis, epithelial-mesenchymal
transition (EMT) and a poor prognosis. However, the precise
functions and internal mechanisms of FASN with regard to
the proliferation, metastasis and EMT in gastric cancer (GC)
cells remain elusive. The present study investigated FASN
protein expression in 18 randomly selected pairs of GC
tumors and matched normal tissues by western blot analysis.
FASN-specific small interfering RNA (siRNA) was then
transfected into SGC-7901 cells to examine the effect of FASN
on proliferation and migration in vitro. Western blotting was
used to detect the protein expression of FASN, EMT-related
markers and key signaling molecules of the mechanistic
target of rapamycin/zinc finger protein GLI1 (mTOR/Glil)
pathway. Reverse transcription-quantitative polymerase chain
reaction was conducted to detect the mRNA expression of
FASN and EMT-related markers. The FASN level was higher
in the GC tissues compared with that in the surrounding
normal tissues. Knockdown of FASN suppressed GC cell
proliferation and metastasis in vitro. The silencing of FASN
expression using siRNA reversed EMT at the protein and
mRNA levels and decreased the expression of Glil via regu-
lation of AMP-activated protein kinase/mTOR and protein
kinase B/mTOR signaling in GC cells. Inhibition of FASN
suppresses GC proliferation and metastasis through targeting
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of the mTOR/Glil signaling pathway, indicating that it may
serve as a potential target for the treatment of GC.

Introduction

Gastric cancer (GC) is the fourth most common cancer and the
second leading cause of cancer-associated mortality worldwide,
with>950,000 newly diagnosed cases every year and an estimated
720,000 cases of GC-associated mortality in 2012 (1-3). Despite
the development of surgical techniques and chemotherapy, the
S5-year survival rate remains low, as the majority of GCs are
diagnosed at advanced or metastatic stages (4,5). Therefore, it
is of great clinical importance to establish specific and sensitive
biomarkers for the early diagnosis of GC and to identify effective
therapeutic targets to prevent the metastasis of GC.

Several studies have demonstrated that elevated lipogen-
esis is associated with a poor prognosis in a number of cancer
types including ovarian cancer, breast cancer and prostate
cancer (6-8), and that it is involved in signal transduction of
several types of tumors, including non-small cell lung cancer,
prostate cancer and hepatocellular cancer (9-11). Fatty acid
synthase (FASN), the main enzyme involved in de novo
lipogenesis, is overexpressed in several types of tumor tissues
including breast cancer, colorectal cancer and gastric cancer,
and its overexpression is significantly associated with tumor
cell proliferation, metastasis, epithelial-mesenchymal transi-
tion (EMT) and a poor prognosis (12-15). However, there are
only a few studies focusing on FASN in GC (15-17), and these
indicate that FASN is overexpressed in the GC tissues and
blood serum of patients with GC, and that its overexpression
is connected with poor survival rate. These data suggest that
FASN serves a critical role in the development and progression
of GC, but the precise functions and internal mechanisms of
FASN in GC cell proliferation and metastasis remain elusive.

Available data indicate that the EMT serves a crucial role
in tumor cell metastasis and invasion, which is accompanied
by upregulation of mesenchymal-associated genes, including
Vimentin, and downregulation of epithelial-associated markers,
including E-cadherin (18,19). Several types of signaling
pathways and molecules are involved in the regulation of
EMT (18,20), and one of the most important signaling pathways
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is the Hedgehog (Hh) pathway. Furthermore, there is strong
evidence that the Hh pathway and its effector zinc finger protein
GLI1 (Glil), one of the glioma-associated oncogenes, serve
crucial roles in the development and progression of GC (21-24).

The present study investigated the role of FASN in GC
development and determined its effect on the regulation of
the Hh signaling pathway effector Glil, which is strongly
associated with cell proliferation, metastasis and EMT in
GC (21-24). To the best of our knowledge, for the first time,
the present in vitro studies identified that FASN functions as a
novel regulator for Glil expression to mediate GC cell prolif-
eration and metastasis, with potential implications for novel
approaches to GC therapy.

Materials and methods

Human GC tissues and cell lines. A total of 18 paired human GC
tissues and adjacent normal tissues were collected immediately
from patients with GC (10 male and 8 female) with a median
age of 64 years (range, 31-75 years), who underwent surgical
resection between January 2014 to December 2015 at the First
Affiliated Hospital of Soochow University (Suzhou, Jiangsu,
China). Written informed consent was obtained from all patients
in this study, which was approved by the Biomedical Research
Ethics Committee of the First Affiliated Hospital of Soochow
University. The experiments performed on human tissues were
in compliance with the Helsinki Declaration. The human GC
SGC-7901 and MGC-803 cell lines were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China)
and were cultured in Roswell Park Memorial Institute (RPMI)
1640 medium (Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA) containing 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml
penicillin G sodium and 100 pg/ml streptomycin sulfate (Gibco;
Thermo Fisher Scientific, Inc.). All cells were maintained at 37°C
in a humidified atmosphere containing 5% CO,.

Transfection of small interfering RNA (siRNA). The siRNA
against FASN (specific target sequence, 5“-TACGACTACGGC
CCTCATT-3') and a negative control siRNA (target sequence,
5"TTCTCCGAACGTGTCACGTTT-3") were synthesized by
GenePharma (Shanghai, China). GC SGC-7901 and MGC-803
cell lines were transfected with control or FASN siRNA at a
final concentration of 20 nM using Lipofectamine™ RNAiMax
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocols. The cells were harvested for further
experiments at 48-72 h post-transfection.

Protein extraction and western blot analysis. Whole protein
extracts of tissues or cell lines (SGC7901 and MGC803) were
lysed in ice-cold RIPA lysis buffer containing cocktails of
protease and phosphatase inhibitors (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) according to the manufacturer's
protocols. Protein concentrations were determined using a
BCA protein assay kit (Pierce; Thermo Fisher Scientific, Inc.)
Total proteins (10 xg) from each lysate were separated by 8%
SDS-PAGE and transferred onto polyvinylidene difluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
and then blocked with 5% skimmed milk in TBS/0.1% Tween for
1 h at room temperature. The membranes were then probed with
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the indicated primary antibodies diluted using PBS at 4°C with
gentle agitation overnight, and then incubated with horseradish
peroxidase-conjugated secondary antibodies diluted using PBS
(dilution, 1:5,000; OriGene Technologies, Inc., Rockville, MD,
USA) for 1 h at room temperature. Next, the proteins were visu-
alized using chemiluminescence kit (EMD Millipore, Billerica,
MA, USA) and signals were quantified by Image]J software
(version 1.46; National Institutes of Health, Bethesda, MD, USA).
Antibodies used in this study are listed in Table I.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). The mRNA expression of
FASN, E-cadherin and Vimentin in SGC-7901 and MGC-803
cells transfected with negative control siRNA or siRNA against
FASN was quantified by RT-qPCR. Total RNA was extracted
from the cells using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) and cDNA was synthesized from 2 ug
RNA using the First Strand cDNA Synthesis kit (Fermentas;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocols. RT-qPCR was performed using Power SYBR®
Green PCR Master mix (Applied Biosystems; Thermo Fisher
Scientific, Inc.) on the 7500 Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The 18S rRNA
was used as a loading control for each specific gene. The
sequences for the sense (S) and antisense (AS) primers were
as follows: Human-FASN-S, 5'-CTTCCGAGATTCCATCCT
ACGC-3' and human-FASN-AS, 5“"TGGCAGTCAGGCTCA
CAAACG-3"; human-E-cadherin-S, 5-CGGGAATGCAGT
TGAGGATC-3' and human-E-cadherin-AS, 5~ AGGATGGTG
TAAGCGATGGC-3"; human-Vimentin-S, 5-GAGAACTTT
GCCGTTGAAGC-3' and human-Vimentin-AS, 5-GCTTCC
TGTAGGTGGCAATC-3"; and human-18S rRNA-S, 5-GTA
ACCCGTTGAACCCCATT-3' and human-18S rRNA-AS,
5-CCATCCAATCGGTAGTAGCG-3'. The PCR conditions
consisted of 5 min at 95°C for 1 cycle, followed by 30 sec at
95°C, 30 sec at 55°C, 30 sec at 72°C and 7 min at 72°C for
40 cycles. The relative fold-changes in mRNA expression were
calculated using the 224 method (25), where the mean of the
ACq values for the amplicon of interest was normalized to that
of 18S rRNA and compared with the control specimens.

MTT assay of cell proliferation. Cell proliferation was deter-
mined using an MTT assay kit (Amresco LLC, Solon, OH,
USA). Following transfection, 4,000 cells were seeded in
96-well plates for 24, 48 and 72 h, and then incubated with
MTT solution-containing culture medium at 37°C for 4 h. The
supernatants were then removed and formazan crystals were
dissolved in 150 ul dimethyl sulfoxide. Following gentle agita-
tion for 10 min, the absorbance at 490 nm was measured using
a microplate reader.

Colony formation assay. In total, 1,000 cells were placed in
6-well plates for 10 days, and then fixed with 4% paraformal-
dehyde (Beyotime Institute of Biotechnology; Haimen, China)
for 10 min at room temperature and stained with 0.1% crystal
violet (Beyotime Institute of Biotechnology) for 15 min at
room temperature. The number of foci containing >100 cells
was determined at x40 magnification using an optical micro-
scope (Nikon Corporation; Tokyo, Japan), and the images were
captured by a digital camera (Nikon Corporation).
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Table I. Antibody information.
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Name Company Catalog no. Concentration
FASN Cell Signaling Technology, Inc. 3180 1:1,000
E-cadherin Cell Signaling Technology, Inc. 3195 1:500
Vimentin Cell Signaling Technology, Inc. 5741 1:500
Phospho-AMPKa (Thr172) Cell Signaling Technology, Inc. 4535 1:1,000
Phospho-Akt (Ser473) Cell Signaling Technology 4058 1:1,000
Phospho-mTOR (52448) Cell Signaling Technology, Inc. 9205 1:1,000
Glil Abcam Ab15179 1:2,000
GAPDH Beyotime AGO019 1:2,000

Cell Signaling Technology, Inc., Danvers, MA, USA; Abcam, Cambridge, UK; Beyotime Institute of Biotechnology, Haimen, China. FASN,
fatty acid synthase; phosphor, phosphorylated; AMPKa, AMP-activated protein kinase a; Akt, protein kinase B; mTOR, mechanistic target of

rapamycin; Glil, zinc finger protein GLI1.
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Figure 1. FASN is upregulated in GC. (A) Western blotting of FASN protein in GC tumors. In total, 18 randomly selected pairs of GC tumors and matched
normal tissues are presented. GAPDH was used as a loading control. (B) Scatter plot analysis of FASN/GAPDH levels in 18 GC tumors and paired normal
tissues. Data are presented as the mean + standard error of the mean (n=18). Statistical significance was determined by a two-tailed, unpaired Student's t-test.
“P<0.01. GC, gastric cancer; FASN, fatty acid synthase; T, tumors; N, matched normal tissues; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Cell migration assay. GC cell migration was assessed using
Transwell chambers (pore size, 8.0 ym; Corning Inc., Corning,
New York, USA). The cells were re-suspended in serum-free
RPMI medium, then cell suspensions (200 pl containing
50,000 cells) were seeded onto the filters in 24-well chambers;
750 pl medium containing 10% FBS was placed in the lower
chambers as a chemoattractant. The cells were allowed to
migrate for 24 h at 37°C. Cells remaining on the upper surface
of the membrane were then removed using a cotton swab.
The filters were fixed with 4% paraformaldehyde (Beyotime
Institute of Biotechnology) for 10 min at room temperature,
and the cells were stained with 0.1% crystal violet solution
(Beyotime Institute of Biotechnology) for 15 min at room
temperature. The cells that had migrated from the upper to the
lower side of the filter were counted in 5 randomly selected
fields per sample using a light microscope (magnification,
x200; Nikon Corporation).

Statistical analysis. Data of MTT assay are presented
as the standard deviation and the other are presented as
mean + standard error. Statistical significance was analyzed

using Student's t-test (unpaired, two-tailed) or one-way
analysis of variance followed by the Student-Newman-Keuls
test. P<0.05 was considered to indicate a statistically signifi-
cant difference. All statistical analyses were performed with
SPSS17.0 software (SPSS, Inc., Chicago, IL, USA).

Results

FASN is overexpressed in human GC. Previous studies (15-17)
have provided evidence that FASN is overexpressed in GC
tissues and that its overexpression is closely associated with
GC metastasis and patient survival. To further investigate the
potential role of FASN in the development of GC, western
blotting was used in the present study to examine FASN
expression in human GC tissues and paired adjacent normal
tissues. Notably, the results showed that abundant FASN
expression was present in the primary GC tumors. By contrast,
the expression of FASN was significantly lower in the matched
paraneoplastic tissues (Fig. 1A and B). These data suggested
that increased FASN expression may be associated with the
development of GC.
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Figure 2. Knockdown of FASN by siRNA inhibits gastric cancer cell proliferation and metastasis in vitro. (A) Reverse transcription-quantitative polymerase
chain reaction analysis indicated that FASN expression was strongly decreased in FASN-depleted SGC-7901 cells at the mRNA level. 18S rRNA was used as
a loading control. (B) Downregulation of FASN expression inhibited the proliferation of SGC-7901 cells compared with that in the untreated cells and control
siRNA-transfected cells, as determined by MTT assay. Figures are curves of SGC-7901 cell proliferation following transfection for 24, 48 and 72 h for MTT
assays. Data are presented as the mean + standard deviation (n=3). (C) SGC-7901 cells transfected with control siRNA or siRNA against FASN were main-
tained in culture medium for 10 days and then fixed and stained with 0.1% crystal violet, and the colonies containing >100 cells were counted manually. The
representative images are presented (left; magnification, x1), and the relative number of colonies was counted (right). The bands were quantified and presented
as the mean = SEM of three independent experiments. (D) Migration assays were performed in wild-type SGC-7901 cells and in cells transfected with negative
control siRNA or siRNA against FASN. Representative images are presented (left; magnification, x200) and the relative numbers of migratory cells (right)
were counted. The bands were quantified and presented as the mean = SEM of three independent experiments. Statistical significance was determined by
one-way analysis of variance. “P<0.01; "“P<0.001. FASN, fatty acid synthase; siRNA, small interfering RNA; SEM, standard error of the mean; siControl,
control siRNA; siFASN, siRNA against FASN; untreated, wild-type cells.
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FASN deficiency inhibits GC cell proliferation and metastasis
in vitro. Since FASN expression is upregulated in GC tissues,
the present study assessed whether FASN has a causal role
in regulating GC cell phenotypes. First, FASN expression
was knocked down using FASN-specific siRNA in the GC
SGC-7901 cell line. Furthermore, the knockdown efficiency
was confirmed by RT-qPCR (Fig. 2A). In order to determine
the effect of FASN on the proliferation of SGC-7901 cells
in vitro, the proliferation curves were detected by MTT assays
at 24, 48 and 72 h following 48 h of transfection (Fig. 2B).

It was found that the SGC-7901 cells transfected with siRNA
against FASN experienced significant inhibition of cell prolif-
eration compared with the SGC-7901 cells transfected with
control siRNA or the wild-type untreated SGC-7901 cells.
In agreement with this result, colony formation assays also
revealed that the ability of SGC-7901 cells with downregulated
FASN to form foci displayed an apparent reduction compared
with that of the control-siRNA and untreated cells, respec-
tively (Fig. 2C). In a Transwell migration assay, the migration
ability of FASN-depleted SGC-7901 cells was greatly inhibited
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Figure 3. Knockdown of FASN expression by siRNA reversed EMT at the protein and mRNA levels in gastric cancer cells. (A) Western blot analysis of the
Vimentin and E-cadherin expression in wild-type SGC-7901 cells and in cells transfected with negative control siRNA or siRNA against FASN. GAPDH was
used as a loading control. (B) The bands were quantified and presented as the mean + SEM of three independent experiments. (C) RT-qPCR analysis of Vimentin
and E-cadherin expression in SGC-7901 cells transfected with negative control siRNA or siRNA against FASN. The bands were presented as the mean + SEM
(n=4). 18S rRNA was used as a loading control. (D) Western blotting analysis of the Vimentin and E-cadherin expression in wild-type MGC-803 cells and in
cells transfected with negative control siRNA or siRNA against FASN. GAPDH was used as a loading control. (E) The bands were quantified and presented as
the mean + SEM of three independent experiments. (F) RT-qPCR analysis of Vimentin and E-cadherin expression in MGC-803 cells transfected with negative
control siRNA or siRNA against FASN. The bands were presented as the mean += SEM (n=4). 18S rRNA was used as a loading control. Statistical significance was
determined by Student's t-test (unpaired, two-tailed) or one-way analysis of variance. "P<0.05; “P<0.01; ““P<0.001. RT-qPCR, reverse transcription-quantitative
polymerase chain reaction; FASN, fatty acid synthase; siRNA, small interfering RNA; SEM, standard error of the mean; siControl, control siRNA; siFASN,
siRNA against FASN; untreated, wild-type cells; EMT, epithelial-mesenchymal transition; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

compared with that of the control-siRNA and untreated cells
(Fig. 2D). These results indicated that the knockdown of FASN
by siRNA inhibits GC cell proliferation and metastasis in vitro.

Silencing FASN expression by siRNA regulates EMT in GC
cells. Since FASN is involved in GC metastasis, it is possible
that FASN may regulate EMT, which is an early event in the
metastasis of cancer (18,19). To test this, the expression of the
epithelial marker E-cadherin and the mesenchymal marker

Vimentin was analyzed using western blotting and RT-qPCR
assays. The western blotting analysis revealed that cells
transfected with siRNA against FASN exhibited a significant
decrease in Vimentin protein expression compared with cells
transfected with control siRNA and the wild-type untreated
cells, as well as a significant increase in E-cadherin protein
expression in the SGC-7901 (Fig. 3A and B) and MGC-803
(Fig. 3D and E) GC cell lines. Consistent with the western blot
analysis, the downregulation of FASN expression significantly
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Figure 4. FASN regulates Glil expression in gastric cancer cells. (A) Western blotting analysis of the Glil expression in wild-type SGC-7901 cells and in cells
transfected with negative control siRNA or siRNA against FASN. GAPDH was used as a loading control. (B) The bands were quantified and presented as the
mean + SEM of three independent experiments. (C) Western blotting analysis of and Glil expression in wild-type MGC-803 cells and in cells transfected with
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RNA; SEM, standard error of the mean; siControl, control siRNA; siFASN, siRNA against FASN; untreated, wild-type cells; Glil, zinc finger protein GLII;

GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

enhanced E-cadherin gene expression and attenuated Vimentin
gene expression at the mRNA level in the SGC-7901 (Fig. 3C)
and MGC-803 (Fig. 3F) GC cell lines. All these data indicated
that FASN exerts a crucial role in modulating EMT in GC
cells.

FASN loss decreases Glil level in GC cells. Since aberrant
Glil expression in the Hh pathway underlies the development
and metastasis of cancer (18,20,21), it was assessed whether
FASN serves any role in modulating Glil expression with
regard to GC development and progression. Unexpectedly, as
shown in Fig. 4A and B, cells transfected with siRNA against
FASN exhibited a significant decrease in Glil protein expres-
sion compared with cells transfected with control siRNA or the
wild-type untreated cells, indicating that FASN may regulate
Glil expression in SGC-7901 and MGC-803 GC cells.

FASN modulates Glil expression through regulating the
mTOR signaling pathway in GC cells. As aforementioned,
the blockade of FASN attenuated Glil protein expression
in GC cells. Next, the present study determined how FASN
regulates Glil expression in GC. A range of recent findings

have shown that FASN can stimulate mTOR signaling and
that by contrast, silencing FASN impairs mTOR signaling in
ovarian cancer (26-28). Furthermore, it has been reported that
activated mTOR can promote Glil transcriptional activity and
oncogenic function through ribosomal protein S6 kinase (31
(S6K1)-mediated Glil phosphorylation in esophageal adeno-
carcinoma (23). The present study investigated whether FASN
modulates Glil expression via regulating mTOR signaling
in GC. As expected, the blockade of FASN by siRNA in the
SGC-7901 and MGC-803 cells greatly decreased phosphoryla-
tion of mMTOR while mTOR expression itself has not changed,
which indicated that knockdown of FASN suppressed the
activation of mTOR (Fig. SA and B), indicating that FASN
modulates Glil expression probably via its regulation of the
mTOR signaling pathway in GC cells. These data suggested
that FASN modulates the proliferation and metastasis of GC
potentially via regulation of the mTOR/Glil signaling pathway.

FASN regulates AMP-activated protein kinase (AMPK) and
protein kinase B (AKT) in GC cells. Available data suggest
that blockade of FASN activates the mTOR repressor AMPKa
causing the mTOR signaling inhibition in ovarian cancer (28),
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Figure 5. FASN modulates the activation of AMPK, AKT and mTOR in gastric cancer cells. (A) Western blotting analysis of the p-AMPK, p-AKT and
p-mTOR expression in wild-type SGC-7901 cells and in cells transfected with negative control siRNA or siRNA against FASN. GAPDH was used as a loading
control. (B) Western blotting analysis of the p-AMPK, p-AKT and p-mTOR expression in wild-type MGC-803 cells and in cells transfected with negative
control siRNA or siRNA against FASN. GAPDH was used as a loading control. FASN, fatty acid synthase; siRNA, small interfering RNA; siControl, control
siRNA; siFASN, siRNA against FASN; untreated, wild-type cells; AMPK, AMP-activated protein kinase; AKT, protein kinase B; mTOR, mechanistic target
of rapamycin; p-, phosphorylated; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

and FASN inhibition can also inactivate the activity of AKT in
various types of cancer (29-31). Since the activation of AMPK
and AKT serves a vital role in regulating mTOR activity
in cancer (32), the present study assessed whether AMPK
and AKT are involved in the regulation of FASN-mediated
mTOR/Glil activation in GC. Unexpectedly, as shown in
Fig. 5A and B, silencing FASN markedly increased phos-
phorylation of AMPK and attenuated phosphorylation of AKT
while total AMPK or AKT expression has not changed in the
SGC-7901 and MGC-803 cell lines, indicating that FASN
modulates mTOR activation, probably via its regulation of
AMPK and AKT in GC cells.

Discussion

Fatty acid metabolism serves acrucial role in carcinogenesis and
is strongly involved in the signal transduction of several types
of tumor cells (9-11). FASN is a key enzyme of de novo fatty
acid synthesis, which supplies lipids for membrane production.
In cancer cells, FASN is commonly overexpressed, providing
cancer cells with an extra source of cellular fatty acids, and is
significantly associated with tumor cell proliferation, metas-
tasis and a poor prognosis (12-15). Inhibition of tumor FASN
activity attenuates tumor cell proliferation and metastasis,
and induces apoptosis in vitro and in vivo (11,14,27,28,30,31),
suggesting that FASN is an attractive target for cancer therapy.

However, studies focusing upon FASN in GC are limited.
Previous studies (15-17) have provided evidence that FASN
is overexpressed in GC tissues, and that its overexpression is
closely associated with GC metastasis and survival, indicating
that FASN contributes to the development and progression of

GC. However, the functional role of FASN expression in GC
cells remains unclear, and the concrete molecular mechanisms
of the regulation of cell proliferation and metastasis by FASN
are not well understood.

The present study demonstrated that the expression of FASN
in GC tissues was increased compared with that in adjacent
normal tissues, as indicated by other previous studies (15,16). To
the best of our knowledge, the present study also provided the first
evidence that the knockdown of FASN via siRNA inhibited the
proliferation and migration of GC cells. In view of the important
role of EMT in tumor metastasis during tumor progression (18,19),
the role of FASN on the EMT of GC cells was also investigated
for the first time in the present study, and it was revealed that
FASN can modulate the expression of EMT markers E-cadherin
and Vimentin in GC SGC-7901 and MGC-803 cells.

Emerging literature suggests that the Hh pathway and
its effector Glil are highly involved in the proliferation,
metastasis and EMT of numerous types of malignant tumors,
including GC (18,20-24). The Hh pathway includes the
canonical and non-canonical signaling pathways (33). The Hh
ligands binds and inactivates the Hh receptor, protein patched
homolog 1 (PTCH1), leading to the release of the G-coupled
receptor-like signal transducer Smoothened homolog (Smo),
which then activates Gli by blocking their inhibitory partner,
suppressor of fused homolog (SuFu); this is the canonical
Hh signaling pathway. Besides being activated by the Hh
ligand-PTCH1-Smo axis, Gli proteins, mainly Glil, can
also be activated by other signaling molecules, including
mTOR/S6K1 and mitogen-activated protein kinase/extra-
cellular signal-regulated kinase (33,34), which is termed
non-canonical Hh signaling.
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The present study identified siRNA-mediated knockdown
of FASN decreased Glil level in GC cells, suggesting that
FASN may serve as a regulator of the Hh signaling pathway
effector Glil in GC tumorigenesis and metastasis. Considering
that FASN can stimulate mTOR signaling and FASN inhibi-
tion impairs this mTOR signaling (26-28,31) and as activated
mTOR can induce Glil transcriptional activity and oncogenic
function (34), the present study assessed whether FASN modu-
lates Glil expression via regulating the mTOR signaling in
GC. In accordance with other studies (26-28,31), the blockade
of FASN suppressed the phosphorylation of mTOR in GC
cells (Fig. SA and B), suggesting that FASN modulates the
proliferation and metastasis of GC potentially via the regula-
tion of the mTOR/Glil signaling pathway.

Recent studies suggest that the inhibition of FASN activates
the mTOR repressor AMPKoa (28) and suppresses the activity
of AKT (29-31). Since the activation of AMPK and AKT serves
a vital role in regulating mTOR activity in cancer (32), the
present study next investigated whether AMPK and AKT are
involved in the regulation of FASN-mediated mTOR/Glil acti-
vation in GC. Unexpectedly, the study showed that silencing
FASN activated AMPK and attenuated phosphorylation of
AKT in the GC SGC-7901 and MGC-803 cell lines, indicating
that FASN modulates mTOR activation, at least in part, by the
regulation of AMPK and AKT in GC cells.

Available data suggest that mTOR signaling upregulates
FASN by the induction of sterol regulatory element binding
protein-1 (35),and FASN in turn can stimulate mTOR signaling,
with its blockade impairing mTOR signaling (26-28,31),
implying the presence of positive feedback loops between
FASN and mTOR signaling in cancer. The impact of mTOR
signaling on FASN is already well characterized, but reverse
actions from FASN towards mTOR remain elusive. A recent
study revealed that AMPK links FASN-blockade to mTOR
suppression and growth inhibition (28). In the present study,
in GC cells, it was confirmed that FASN modulates mTOR
activation via regulation of AMPK and AKT.

Extensive studies have demonstrated that Hh signaling
triggers FASN expression in a Smo-dependent manner to
regulate de novo lipid synthesis in progenitor cells and medul-
loblastoma (36,37), but whether FASN serves any role in
regulating the Hh pathway remains unclear. To the best of our
knowledge, the present study provided the first evidence that
siRNA-mediated FASN-knockdown decreased the expression
of the Hh pathway effector Glil, at least in part via regulation
of AMPK/mTOR and AKT/mTOR signaling in GC cells, but
whether FASN regulates Glil expression in a Smo-dependent
manner was not elucidated and warrants future investigation.

There were certain limitations in the present study.
Firstly, only western blot analysis was used to examine
FASN expression in human GC tissues and paired adjacent
normal tissues. The level of FASN could be analyzed by
immunohistochemical staining and the association with clini-
copathological parameters in GC patients could be assessed.
Secondly, AMPK/mTOR activity or Glil expression was not
detected in the GC and paired normal tissues, nor was the
effect of the depletion of FASN on GC tumorigenesis and
metastasis measured in vivo. Thirdly, multi-level suppres-
sion of FASN or FASN overexpression in GC cells was not
performed and siRNA was only used against FASN to inhibit
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FASN expression. The mechanism of FASN regulation of
AMPK and AKT in GC will be investigated in a future study.
Further research should be undertaken to further investigate
the function of FASN in GC. Taken together, the results of the
current study indicate that the knockdown of FASN by siRNA
suppresses GC proliferation and metastasis through targeting
mTOR/Glil signaling, indicating that it may serve as a poten-
tial target for the treatment of GC.

In summary, the present in vitro experiments not only
indicated that FASN functions as a novel regulator of GC cell
proliferation and metastasis, but also emphasized the poten-
tial role of FASN in regulating Glil expression. Moreover, a
critical mechanism was revealed for FASN in the regulation
of GC tumorigenesis and metastasis through its participation
in the non-classical Hh signaling pathway. This may high-
light a novel entry point for treating GC by targeting the
FASN/mTOR/GIil signaling axis.
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