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Abstract:
Background/Aims: The Snail family of transcription factors controls epithelial to mesenchymal 
transition (EMT), a process associated with tumorigenesis originated from epithelial cells. 
Snail1 is a member from Snail family and upregulation of Snail1 has been detected in gastric 
cancer (GC), suggesting a potential role of Snail1 in GC metastasis. We have recently reported 
that FBXL5 regulates cortactin by inducing its ubiquitylation and subsequent proteasomal 
degradation, resulting in inhibition of metastasis of GC. However, a role of FBXL4 in regulation 
of other EMT-associated proteins is not unknown.Methods: The levels of FBXL5 and Snail1 
as well as their relationship were determined in GC specimen. Co-immunoprecipitation (IP) 
was performed to detect the interaction between Snail1 and FBXL5 in GC cells. The effects 
on Snail1 by FBXL5 were examined by overexpression of depletion of FBXL5 in GC cells. The 
invasiveness of the FBXL5-modified GC cells was examined in both scratch wound healing 
assay and transwell matrix penetration assay. Results: FBXL5 also physiologically interacted 
with Snail1. FBXL5 inhibited Snail1 to suppress GC cell invasiveness. Conclusion: FBXL5 
negatively regulates several EMT-enhancing factors. FBXL5 is an attractive novel target for 
inhibiting invasion and metastasis of GC cells.

Introduction

Gastric cancer (GC) is the fourth most common malignant human cancer and the second 
leading cause of death worldwide, with an incidence of nearly one million per year [1-4]. 
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The majorities of the subjects diagnosed with GC already have developed metastasis or 
are developing metastasis [1-4], which highlights the importance of the elucidation of the 
molecular control of migration and invasiveness of GC cells.

The epithelial-mesenchymal transition (EMT) is a process by which epithelial cells 
acquire a migratory, mesenchymal phenotype, as a result of its repression of E-cadherin [5-
7]. EMT is essential for numerous physiological and pathological processes in development, 
in wound healing, in tissue fibrosis and remodeling, and in initiation of tumor metastasis 
[5-7]. Several signaling pathways (TGF-beta, FGF, EGF, HGF, Wnt/beta-catenin and Notch) 
induce EMT [8-19]. Loss of E-cadherin is considered to be a fundamental event in EMT [5-
7]. Transcription factors that repress E-cadherin are considered as EMT-promoting factors, 
including Snail1, Slug1, ZEB1, ZEB2, E47 and Kruppel-like factor 8 (KLF8) that directly bind 
to E-cadherin promoter and repress its transcription, and including Twist, TCF4, SIX1 and 
FOXC2 that repress E-cadherin indirectly [5-7]. Snail1 is a member of the Snail superfamily of 
zinc-finger transcription factors [20, 21]. Snail1 is composed of 264 amino acids and usually 
acts as a transcriptional repressor. Phosphorylation and nuclear localization of Snail1, 
governed by PI3K and Wnt signaling pathways crosstalk, are critical in Snail1's regulation 
[20, 21]. Snail1 has a pivotal role in the regulation of EMT, involving the loss of E-cadherin 
and claudins with concomitant upregulation of vimentin and fibronectin, among other 
biomarkers [20, 21]. Recently, it is found that Snail1 degradation by FBXO11 is dependent 
on Ser-11 phosphorylation of Snail by protein kinase D1 (PKD1), and FBXO11 blocks Snail-
induced EMT, tumor initiation, and metastasis in multiple breast cancer models [22].

FBXL5 is an F-box protein, a member of the F-box protein family characterized by 
the F-box motif comprised of about 40 amino acids [23-30]. The F-box proteins are major 
components of ubiquitin protein ligase complex SKP1-cullin-F-box (SCFs), which plays a 
critical role in phosphorylation-dependent protein ubiquitination [23-30]. Particularly, 
FBXL5 is an iron sensor, which promotes IRP2 ubiquitination and then its degradation 
[23-30]. Recently, we reported that FBXL5 mediates the ubiquitination and degradation 
of cortactin, which is necessary for the invasion and metastasis of GC cells [31]. However, 
whether FBXL5 may regulate other EMT-related proteins is so far unknown. Here we showed 
that FBXL5 also physiologically interacted with and decreased the levels of Snail1 to inhibit 
gastric cancer cell invasiveness.

Materials and Methods

Patient tissue specimens
Paired GC specimen (9 without metastasis and 11 with metastasis) and normal gastric tissue (NGT) 

from 20 GC patients were collected for this study. All specimens had been histologically and clinically 
diagnosed at the Department of Gastrointestinal Surgery, Shanghai JiaoTong University affiliated First 
People’s Hospital from 2007 to 2013. For the use of these clinical materials for research purposes, prior 
patient's consents and approval from the Institutional Research Ethics Committee were obtained.

Cell lines 
Human GC cell lines SNU-5 and AGS were both purchased from American Type Culture Collection 

(ATCC, Rockville, MD, USA). Both cell lines were maintained in Dulbecco’s modified Eagle’s medium (DMEM, 
Invitrogen, Carlsbad, CA, USA) supplemented with 15% fetal bovine serum (FBS; Sigma-Aldrich, St Louis, 
MO, USA). All cell lines were incubated in a humidified chamber with 5% CO2 at 37 °C. For inhibition of 
ubiquitination by FBXL5, 50 µmol/l MG132 (Sigma-Aldrich) was applied.

Cell transfection
The construct and antisense for FBXL5 were purchased from GeneCopoeia (Rockville, MD, USA), 

and Dharmacon (Lafayette, CO, USA), respectively, as has been described before [31]. For cell transfection 
experiments, GC cells were grown to 70 to 80 % confluence in 6-well plates. Transfection was performed 
using the Lipofectamine 2000 according to the manufacturer’s instructions (Invitrogen).
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Scratch wound healing assay
Scratch wound healing assay was performed as has been described previously [32]. Cells were 

seeded in 24-well plates at a density of 104 cells/well in complete DMEM and cultured to confluence. The 
cell monolayer was serum starved overnight in DMEM prior to initiating of the experiment. Confluent cell 
monolayer were then scraped with a yellow pipette tip to generate scratch wounds and washed twice with 
media to remove cell debris. Cells were incubated at 37 °C for 24 hours. Time lapse images were then 
captured after 12 hours. Images were captured from five randomly selected fields in each sample, and the 
wound areas are calculated by NIH ImageJ software. 

Transwell migration assay
Cell migration analysis was performed using a Fluorometric Cell Migration Assay kit with polycarbonate 

membrane inserts (5-μm pore size; Cell Biolabs, San Diego, CA, USA), according to the manufacturer’s 
protocol. Digital images were obtained from the membranes. The migration cells were stained by CyQuant 
GR dye (Invitrogen), and then quantified in five randomly selected fields in each membrane, and the average 
value was defined as an invasion index on three independent membranes.

Cell proliferation assay
For assay of cell proliferation, pretreated cells were seeded into 96 well-plate at 5000 cells per well 

and subjected to a Cell Proliferation Kit (MTT, Roche, Nutley, NJ, USA), according to the instruction from the 
manufacturer. 

RNA extraction, reverse transcription and quantitative RT-PCR
Total RNA was extracted from the cultured cells using RNeasy kit (Invitrogen), according to the 

manufacturer’s instruction. For mRNA analysis, complementary DNA (cDNA) was randomly primed from 
2.0μg of total RNA using the Omniscript reverse transcription kit (Qiagen, Hilden, Germany). Quantitative 
Real-time PCR (RT-qPCR) was subsequently performed in duplicate with a 1:4 dilution of cDNA using the 
Quantitect SyBr green PCR system (Qiagen) on a Rotorgene 6000 series PCR machine. Data were collected 
and analyzed using the Rotorgene software accompanying the PCR machine. Relative expression levels 
were determined using the comparative quantification feature of the Rotorgene software. Levels of gene 
transcripts were normalized to α-tubulin, and then compared to controls. 

Co-Immunoprecipitation
Cells were treated with 1 ml of extraction buffer (10 mmol/l HEPEs, pH7.5, 100 mmol/l NaCl, 1 

mmol/l EDTA, 10% Glycerol, 0.5% Triton X-100 and 5 µmol/l MG132). The Co-immunoprecipitation 
(Co-IP) procedure was described previously [31]. Both primary antibodies anti-Snail1 and anti-FBXL5 
are generated from rabbits (Cell Signaling, San Jose, CA, USA). Co-IP procedures were performed at 4°C 
unless otherwise indicated, using a Pierce spin column which can be capped and plugged with a bottom 
plug for incubation or unplugged to remove the supernatant by centrifugation at 1000 g for 1 minute. 
The binding of the first antibody to protein A/G agarose was performed with the protocol described in 
Pierce crosslink immunoprecipitation kits (Thermo Scientific, Rockford, IL, USA) with slight modification. 
For co-IP experiment without using DSS crosslinking, the protein A/G agarose was incubated either 10 
µl anti-Snail1 or 10 µl anti-FBXL5 antibody at 25°C for 1 h on a mixer, followed by incubation with 600 µl 
pre-cleared lysate overnight. The immunoprecipitated products were washed with the washing buffer five 
times and eluted with 2X Laemmli buffer at 100°C for 10 min. The cap of the spin column was loose to avoid 
overpressure and leakage from the bottom when boiling. The eluting complex was subjected to SDS-PAGE 
separation for Western blot.

Western blot/immunoblot
Protein was extracted from the cultured cells by RIPA buffer (Sigma-Aldrich) for Western Blot or got from 

IP. The supernatants were collected after centrifugation at 12000×g at 4°C for 20min. Protein concentration 
was determined using BCA protein assay, and whole lysates were mixed with 4×SDS loading buffer (125 
mmol/l Tris-HCl, 4% SDS, 20% glycerol, 100 mmol/l DTT, and 0.2% bromophenol blue) at a ratio of 1:3. 
Samples were heated at 100 °C for 5 min and were separated on SDS-polyacrylamide gels. The separated 
proteins were then transferred to a PVDF membrane. The membrane blots were first probed with a primary 
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antibody. After incubation with horseradish peroxidase-conjugated second antibody, autoradiograms were 
prepared using the enhanced chemiluminescent system to visualize the protein antigen. The signals were 
recorded using X-ray film. Primary antibodies for Western Blot are anti-FBXL5 (pTBR1), anti-Snail1 and 
anti-α-tubulin (all purchased from Cell Signaling, San Jose, CA, USA). Secondary antibody is HRP-conjugated 
anti-rabbit (Jackson Labs, Bar Harbor, ME, USA). Images shown in the figure were representative from 5 
repeats. Densitometry of Western blots was quantified with NIH ImageJ software.

Statistical analysis
Each experiment condition contains 5 repeats. All values are depicted as mean ± standard deviation 

and are considered significant if p < 0.05. Statistic method: one-way ANONA with a Bonferoni correction. 
Bivariate correlations were calculated by Spearman's rank correlation coefficients. 

Results

Inverse correlation of FBXL5 and Snail1 in GC specimen
A recent study suggests that FBXL5 may induce nuclear ubiquitination of Snail1 to 

inhibit EMT [30], and we have preciously shown that FBXL5 mediates the ubiquitination and 
degradation of cortactin, which is necessary for the invasion and metastasis of GC cells [31]. 
In order to find out whether FBXL5 may also regulate Snail1 in GC, we examined the FBXL5 

Fig. 1. Inverse 
correlation of 
FBXL5 and Snail1 
in GC specimen. 
The FBXL5 and 
Snail1 levels in 
the GC specimen 
were examined 
by Western blot, 
compared with 
the paired normal 
gastric tissue 
(NGT) from the 
same patient. (A) 
We found that GC 
had significantly 
lower levels of 
FBXL5, which was 
further lower in 
GC with metastasis 
(ms). (B) GC had 

Fig. 2. FBXL5 and Snail1 physically associated with 
each other in GC cells. Co-Immunoprecipitation (Co-
IP) was performed to detect the interaction between 
endogenous proteins independently in two GC lines, 
SNU-4 and AGS. Our results showed that endogenous 
Snail1 co-precipitated with FBXL5 and vice versa in 
both lines. IB: immunoblot. IP: immunoprecipitation.

significantly higher levels of Snail1, which was further higher in GC with metastasis. (C) Strong inverse 
correlation was detected between FBXL5 and Snail1 (R=-0.78; p<0.0001). *p<0.05. n=20. Statistics: one-way 
ANOVA with a Bonferoni correction. Bivariate correlations were calculated by Spearman's rank correlation 
coefficients. 
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and Snail1 levels in the GC specimen by Western blot, compared with the paired normal 
gastric tissue (NGT) from the same patient. We found that GC had significantly lower levels 
of FBXL5 (Fig. 1A, p<0.05), which was further lower in GC with metastasis (ms) (Fig. 1A, 
p<0.05). Moreover, GC had significantly higher levels of Snail1 (Fig. 1B, p<0.05), which was 
further higher in GC with metastasis (Fig. 1B, p<0.05). Further, Strong inverse correlation was 
detected between FBXL5 and Snail1 (Fig. 1C, R=-0.78; p<0.0001), suggesting a possibility of 
presence of a FBXL5/Snail1 regulatory loop. 

FBXL5 and Snail1 physically associated with each other in GC cells
To confirm the specific binding between FBXL5 and Snail1, we performed 

immunoprecipitation (IP) to detect the interaction between endogenous proteins 
independently in two GC lines, SNU-4 and AGS. Our results showed that endogenous Snail1 
co-precipitated with FBXL5 and vice versa in both lines (Fig. 2). These data suggest that 
FBXL5 and Snail1 physically associate with each other in GC cells.

FBXL5 inhibited Snail1 in GC cells
To examine whether FBXL5 may regulate the levels of Snail1 in GC cells, we then 

transfected the GC cells with either a FBXL5-overexpressing plasmid, or a plasmid carrying 
short hairpin small interfering RNA (shRNA) for FBXL5 (shFBXL5), to increase or decrease 
FBXL5 levels in GC cells, respectively. GC cells were also transfected with a plasmid carrying 
a scrambled sequence (scr) as controls. All the plasmid constructs contained a GFP reporter 
to allow examination of the transfection efficiency, which is nearly 100% by all three (Fig. 
3A). We analyzed both AGS and SNU-5 cells and got essentially same results within the scope 
of the current study. Thus, only data from AGS were shown. The changes in FBXL5 in GC cells 
were confirmed by RT-qPCR (Fig. 3B), and by Western blot (Fig. 3C). We found that neither 

Fig. 3. FBXL5 inhibited 
Snail1 in GC cells. (A) GC 
cells were transfected with 
either a FBXL5-overexpres-
sing plasmid, or a plasmid 
carrying short hairpin small 
interfering RNA (shRNA) for 
FBXL5 (shFBXL5), to increa-
se or decrease FBXL5 levels 
in GC cells, respectively. GC 
cells were also transfected 
with a plasmid carrying a 
scrambled sequence (scr) 
as controls. All plasmids 
contained a GFP reporter to 
allow visualization of trans-
fected cells. (B-C) The ch-
anges in FBXL5 in AGS cells 
were confirmed by RT-qPCR 
(B), and by Western blot (C). 
(D-E) The changes in FBXL5 
in AGS cells were confirmed 
by RT-qPCR (D), and by Wes-
tern blot (E). *p<0.05. NS: 
non-significant. n=5. Stati-
stics: one-way ANOVA with a 
Bonferoni correction.
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FBXL5 overexpression nor depletion significantly affected the transcript levels of Snail1 (Fig. 
3D). However, FBXL5 overexpression significantly decreased the protein of Snail1 in GC cells, 
while depletion of FBXL5 significantly increased the protein of Snail1 in GC cells (Fig. 3E). 
Further, a potential ubiquitination inhibitor MG132 significantly rescued FBXL5-dependent 
decreases of Snail1 protein levels (Fig. 3E). These data suggest that FBXL5 inhibited Snail1 
in GC cells at protein level without affecting Snail1 transcription, possibly through enhancing 
Snail1 ubiquitination-related degradation. 

FBXL5-mediated Snail1 suppression reduced migration and invasion of GC cells
Next, we examined the invasiveness of the FBXL5-modified GC cells. We found that 

FBXL5-mediated Snail1 suppression reduced migration and invasion of GC cells in both 
a scratch wound healing assay (Fig. 4A-B) and a transwell matrix penetration assay (Fig. 

Fig. 4. FBXL5-mediated 
Snail1 suppression reduced 
migration and invasion of 
GC cells in a scratch wound 
healing assay. The invasive-
ness of the FBXL5-modified 
GC cells were examined in 
a scratch wound healing 
assay, shown by repre-
sentative images (A), and 
by quantification (B). We 
found that FBXL5-mediated 
Snail1 suppression reduced 
migration and invasion of 
GC cells. *p<0.05. n=5. Stati-
stics: one-way ANOVA with 
a Bonferoni correction.

Fig. 5. FBXL5-mediated 
Snail1 suppression reduced 
migration and invasion of 
GC cells in a transwell matrix 
penetration assay. The inva-
siveness of the FBXL5-mo-
dified GC cells were exa-
mined in a transwell matrix 
penetration assay, shown by 
representative images (A), 
and by quantification (B). 
We found that FBXL5-medi-
ated Snail1 suppression re-
duced migration and invasi-
on of GC cells. *p<0.05. n=5. 
Statistics: one-way ANOVA 
with a Bonferoni correction.
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5A-B). Thus, our study suggest that FBXL5 may reduce the invasiveness of GC cells through 
direct inhibition of Snail1 at protein level. We also examined the cell growth in the FBXL5-
modified GC cells and found that FBXL5 did not significantly alter cell growth (Fig. 6).

Discussion

The high malignancy and lethality of GC largely result from its high invasiveness and 
local and distal metastasis, in which EMT plays a substantial role [1-4]. Among all EMT-
associated proteins, Snail1 and cortactin are critical factors. Cortactin is important in 
promoting lamellipodia formation, invadopodia formation, cell migration, and endocytosis, 
while Snail1 is a potential EMT activator, and directly inhibited E-cadherin. Although both 
Snail1 and cortactin promote EMT, there is a recent report showing a negative regulatory 
effect of Snail1 on cortactin [33]. These data suggest presence of a delicate coordination of 
these factors in the process of EMT. 

FBXL5 is an E3 ubiquitin ligase that target many proteins to regulate their 
phosphorylation-dependent protein ubiquitination and subsequent degradtion [23-30]. 
Recently, we reported that FBXL5 mediates the ubiquitination and degradation of cortactin, 
which is necessary for the invasion and metastasis of GC cells [31]. However, whether 
FBXL5 may regulate other EMT-related proteins is so far unknown. A recent report showed 
that FBXL5 has a potential to be a novel Snail1 ubiquitin ligase [30]. FBXL5 interacts with 
Snail1 in the nucleus to promote its polyubiquitination, decrease its protein stability by 
impairing DNA binding [30]. FBXL5 is highly sensitive to stress and could be suppressed by 
iron depletion and γ-irradiation [30]. These results characterize FBXL5 as a novel nuclear 
ubiquitin ligase controlling Snail1 protein stability and provide the molecular mechanisms 
underlying the radiotherapy-enhanced EMT by Snail1. Thus, we were prompted to examine 
this model in GC.

Our data compellingly show that FBXL5 significantly decreased in GC, and especially in 
GC with metastasis, and inversely correlated with the Snail1 levels in the patients’ specimen. 
These data provide a clinical relevance of the current study. Moreover, we further showed 
that FBXL5 physiologically interacted with and decreased the levels of Snail1 to suppress 
gastric cancer cell invasiveness. 

Together with previous reports by us and by others, a comprehensive regulatory network 
on EMT, highlighting a pivotal role of FBXL5, has been proposed. FBXL5 regulates cortactin 
through induction of its ubiquitylation, and FBXL5 similarly regulates Snail1. Among all EMT-
associated proteins, Snail1 and cortactin are both critical factors. Cortactin is important in 
promoting lamellipodia formation, invadopodia formation, cell migration, and endocytosis, 
while Snail1 is a potential EMT activator, and directly inhibited E-cadherin. Although both 
Snail1 and cortactin promote EMT, there is a recent report showing a negative regulatory 
effect of Snail1 on cortactin [33]. These data suggest presence of a delicate coordination of 
these factors in the process of EMT. 

Future approaches should include additional gain-of-function and loss-of-function 
experiments s to confirm the detail of the regulatory machinery determined here in GC to 
figure out the exact amino acids on Snail1 protein to be ubiquitinated. Thus, our study sheds 
light on FBXL5 as a promising therapeutic target for GC.

Fig. 6. MTT assay to examine cell growth. NS: non-si-
gnificant. n=5. Statistics: one-way ANOVA with a 
Bonferoni correction.
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