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Abstract: Non-small cell lung cancer (NSCLC) is one of the leading causes of cancer-related deaths in the world. 
F-box/WD repeat-containing protein 7 (FBW7) plays important roles in human cancers, such as gastric cancer, 
breast cancer, and hepatocellular carcinoma. In this study, we found that high levels of FBW7 expression were asso-
ciated with increased doxorubicin sensitivity in NSCLC cells. Down-regulation of FBW7 reduced the chemosensitivity 
in tumor cells. Twist is a critical transcription factor in epithelial-mesenchymal transition (EMT), and NSCLC cells with 
silenced Twist showed increased doxorubicin sensitivity. Treatment of cells with doxorubicin or hypoxia was shown to 
trigger EMT as evidenced by decreased E-cadherin and increased Vimentin. In contrast, ectopic expression of FBW7 
prevented doxorubicin-or hypoxia-induced EMT. In addition, FBW7 was identified as a functional target of miR-223 in 
NSCLC cells. These findings define a critical role of miR-223/FBW7 pathway in regulating EMT and chemosensitivity 
in NSCLC cells.
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Introduction

Although a large number of clinical trials are 
performed aimed at improving patient survival, 
lung cancer has still remained as the leading 
cause of cancer-related death in the world [1]. 
Approximately 80% of all lung cancer cases are 
categorized as non-small cell lung cancer 
(NSCLC), which is typically diagnosed at ad- 
vanced stages [2]. Despite recent advances in 
diagnosis and treatment, the prognosis for 
NSCLC is still unsatisfactory due to the low rate 
of 5-year overall survival [3]. Up to date, surgi-
cal resection and chemotherapy have been the 
most frequently options for NSCLC. However, 
drug resistance has become a great bottleneck 
as a result of increased application of chemo-
therapeutics [4]. Therefore, it is urgent to eluci-
date the molecular mechanisms underlying the 
drug resistance in NSCLC .

F-box/WD repeat-containing protein 7 (FBW7) 
is a member of F-box protein family located at 
4q31 in humans. It is the substrate recognition 
component of an evolutionarily conserved SCF 

(SKP1, CUL1, and F-box protein) E3 ligase com-
plex [5]. Several studies point out that FBW7 
play a critical roles in regulation of multiple 
oncoprotein substrates such as Notch, c-Myc, 
cyclin E and c-Jun [6, 7]. Thus, the altered 
expression of FBW7 has been considered to be 
one of the major causes involved in cancer ini-
tiation and progression. Previous study sug-
gested that reduced expression of FBW7 was 
associated with poor prognoses in glioma, 
breast cancer, and gastric cancer [8-10]. Con- 
versely, overexpression of FBW7 was reported 
to suppress cell proliferation and promote 
apoptosis in osteosarcoma cells, suggesting 
that FBW7 may be a potential tumor suppres-
sor in human tumorigenesis [11]. In addition, 
FBW7 has been identified to be a target of miR-
NAs including miR-92a, miR-223, and miR-25, 
highlighting the post-transcriptional regulation 
of FBW7 in cancer pathogenesis [12].

It is commonly accepted that carcinogenesis of 
lung cancer is a multistep process regulated by 
aberrantly protein expression and alterations of 
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morphological and molecular features during 
malignant progression [13]. Initiation of epithe-
lial-mesenchymal transition (EMT) is a critical 
procedure in regulation of drug resistance in 
lung cancers [14]. In the current study, we 
aimed to investigate the miR-223/FBW7 axis in 
regulation of EMT and chemosensitivity in 
NSCLC.

Materials and methods

Cell culture

Human NSLCL cell lines A549, NCI-H358, NCI-
H1299 and HCC827 were purchased from the 
ATCC (Manassas, VA, USA) and cultured in 
DMEM (Gibco, Carlsbad, CA, USA) supplement-
ed with 10% FBS and 1% penicillin ⁄streptomycin. 
All cells were maintained at 37°C in 5% CO2 
incubator. 

CCK-8 analysis

Cultured cells were seeded onto 96-well plates 
at 3000 cells/well. After 48 h, 10 µL/well CC- 
K8 solution (Dojindo, Kumamoto, Japan) was 

added, the plates incubated for 3 h, and absor-
bance was measured at 450 nm using an MRX 
II microplate reader (Dynex, Chantilly, VA, USA).

EdU incorporation assay

Cell growth was determined as a percentage of 
untreated control. Measurement of inhibitive 
rate of cell proliferation was carried out using a 
Click-iT EdU Imaging Kit following the manufac-
ture’s instruction.

Real time PCR

miR-223 expression was measured by real time 
PCR and normalized to that of U6. 

Real time-PCR reactions were run using ABI 
7500. The relative amounts of miR-223 was 
determined using the 2-ΔΔCT method and the 
reactions were performed in triplicate.

Immunofluorescence

NSCLC cells were washed with PBS, fixed in 4% 
paraformaldehyde, and incubated in 3% H2O2 

Figure 1. Different FBW7 
expression in NSCLC cells. 
NSCLC cells were exposed 
to doxorubicin for 48 h. 
Cell viability was deter-
mined using CCK-8 assay 
(A). Protein expression of 
FBW7 was measured by 
western blot in four NSCLC 
cell lines (B).
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at 37°C. After incubation with anti-E-cadherin 
or anti-Vimentin (Abcam, Cambridge, MA, USA) 
antibodies, the cells were washed with PBS and 
incubated with the appropriate secondary anti-
body (Abcam, Cambridge, MA, USA) for 1 h at 
room temperature. Cell nuclei were stained 
with DAPI (Sigma) and cells were observed 
using fluorescence confocal microscopy (Oly- 
mpus, Tokyo, Japan).

Western blot analysis

Cells were harvested and washed twice in 
phosphate-buffered saline and lysed in lysis 
buffer (Cell Signaling, Danvers, MA, USA). 10 
mg protein sample was subjected to 10% SDS-
PAGE, transferred onto a polyvinylidene difluo-
ride membrane (Millipore, Billerica, MA, USA), 
and incubated with monoclonal antibodies 
against FBW7, E-cadherin, Vimentin, Twist, and 
GAPDH (Abcam, Cambridge, MA, USA). The 
membranes were incubated with secondary 
antibodies and signals were detected using the 

ECL Detection System (GE Healthcare, Little 
Chalfont, UK).

Statistical analysis

All experiments were repeated at least three 
times. Data were expressed as the means ± 
SD. A P-value<0.05 was considered as statisti-
cally significant. All statistical analyses were 
performed using the SPSS 16 software pro-
gram (SPSS, Inc., Chicago, IL, USA).

Results

Different FBW7 expression in NSCLC cells

Firstly, we examined the cell viabilities of four 
NSCLC cell lines including A549, NCI-H358, 
NCI-H1299 and HCC827 incubated with doxo-
rubicin for 48 h. Data from CCK-8 assay show- 
ed that doxorubicin sensitivity varied among 
different cell lines, i.e., HCC827>NCI-H358> 
A549>NCI-H1299 (Figure 1A). 

Figure 2. Doxorubicin induced EMT in NSCLC cells. EMT markers including E-cadherin and Vimentin were deter-
mined by western blot (A) and immunofluorescence (B) after treatment with doxorubicin for 48 h. *P<0.05.
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In addition, the protein expression of FBW7 
was examined in different cell lines incubated 
with doxorubicin. Interestingly, western blot 
revealed that FBW7 expression was significant-
ly higher in HCC827 cells compared with NCI-
H358, A549 and NCI-H1299 cells. Conversely, 
NCI-H1299 cells showed the lowest FBW7 level 
among these four cell lines (Figure 1B). 
Collectively, these data implied that FBW7 may 
be involved in doxorubicin sensitivity in NSCLC 
cells.

Effects of doxorubicin on EMT in NSCLC cells

In order to detect whether doxorubicin incuba-
tion could trigger EMT in lung cancer cells, the 
expression of epithelial/mesenchymal markers 
were examined by western blot and immuno-
fluorescence. As shown in Figure 2A, the pro-
tein expression of E-cadherin was obviously 
reduced in the presence of doxorubicin. On the 
contrary, doxorubicin treatment dramatically 
promoted the expression of Vimentin in four 

Figure 3. FBW7 knockdown reduced doxorubicin sensitivity. Four NSCLC cell lines were transfected with FBW7 
siRNA. CCK-8 assay (A-D) and Edu incorporation assay (E-H) were performed to detect cell growth and DNA synthe-
sis. *P<0.05, compared with control; #P<0.05, compared with Dox.
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Figure 4. Down-regulation of Twist enhanced the doxorubicin sensitivity. Analysis of cell viability after Twist siRNA transfection into A549 (A), NCI-H358 (B), HCC827 
(C), NCI-H1299 (D). E-cadherin and Vimentin were determined by western blot (E) and immunofluorescence (F) in Twist siRNA transfected NSCLC cells. *P<0.05.
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Figure 5. FBW7 reversed EMT under hypoxic conditions. Determination of cell viability in NCI-H358 (A) and HCC827 (B) cells transfected with or without FBW7 
plasmids under hypoxic conditions. The expression levels of EMT-related markers E-cadherin and Vimentin were determined by western blot (C) and immunofluores-
cence (D) in FBW7 plasmids transfected NSCLC cells under hypoxic conditions.
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NSCLC cell lines (A549, NCI-H358, HCC827, 
NCI-H1299). Consistently, immunofluorescent 
staining also showed that incubation with doxo-
rubicin led to down-regulation of E-cadherin 
(epithelial marker) and up-regulation of Vi- 
mentin (mesenchymal marker) (Figure 2B). 
These results indicated that doxorubicin could 
induce EMT in lung cancer cells.

Down-regulation of FBW7 reduced the doxoru-
bicin sensitivity in NSCLC cells

In order to confirm the role of FBW7 in doxoru-
bicin sensitivity, four NSCLC cell lines were 
transfected with FBW7-siRNA to interfere with 
FBW7 expression. Data from CCK-8 assay 
revealed that cells treated with FBW7-siRNA 
showed a reduced sensitivity to doxorubicin 
compared with control group, indicating that 
down-regulation of FBW7 decreased the drug 
cytotoxocity in NSCLC cells (Figure 3A-D). 
Consistently, EdU incorporation assay also 

FBW7 reversed EMT in NSCLC cells under hy-
poxic conditions

Hypoxia could induce EMT in a variety of tumor 
cells. We found that NCI-H358 and HCC827 
cells become more resistant to doxorubicin 
under hypoxic conditions. However, ectopic ex- 
pression of FBW7 recovered the doxorubicin 
sensitivity in NSCLC cells even under hypoxia 
conditions (Figure 5A and 5B). We also found 
that hypoxic treatment led to down-regulation 
of FBW7 and E-cadherin and up-regulation  
of Vimentin in NCI-H358 and HCC827 cells. 
Conversely, we detected no obvious differenc-
es in the expression of EMT markers after over-
expression of FBW7 in NSCLC cells even und- 
er hypoxia conditions (Figure 5C). In addition, 
immunofluorescence staining also revealed 
that hypoxia triggered EMT in NSCLC cells, 
which was reversed by ectopic expression of 
FBW7 (Figure 5D). Taken together, these data 

Figure 6. FBW7 prevented doxorubicin-induced EMT in NSCLC cells. The ex-
pression of FBW7 and EMT-related markers (E-cadherin and Vimentin) were 
measured western blot (A) and immunofluorescence (B) in doxorubicin-treat-
ed NSCLC cells with or without ectopic expression of FBW7.

revealed the attenuated che-
mosensitivity of doxorubicin 
after down-regulation of FB- 
W7 in NSCLC cells (Figure 
3E-H).

Twist knockd own enhanced 
the doxorubicin sensitivity in 
NSCLC cells

Since Twist has been shown 
to be a critical transcription 
factor in EMT, we analyzed the 
changes in doxorubicin sensi-
tivity in NSCLC cells treated 
with or without Twist-siRNA. 
We observed that the cellu- 
lar responses to doxorubicin 
were remarkably increased in 
four NSCLC cells treated with 
Twist siRNA (Figure 4A-D). In 
addition, western blot show- 
ed that knockdown of Twist 
promoted the expression of 
E-cadherin, and inhibited the 
Vimentin levels in A549, NCI-
H358, HCC827, NCI-H1299 
cells (Figure 4E). Consisten- 
tly, immunofluorescence sta- 
ining indicated the up-regula-
tion of E-cadherin and down-
regulation of Vimentin in NS- 
CLC cells with silenced Twist 
(Figure 4F). 
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suggested that FBW7 could reverse hypoxia-
induced EMT in NSCLC cells.

FBW7 prevented doxorubicin-induced EMT in 
NSCLC cells

Western blot and immunofluorescence were 
performed to determine the expression of EMT-
related markers in doxorubicin-treated cells 
with or without overexpression of FBW7. We 
found that incubation with doxorubicin alone 
led to a obvious reduction in the expression of 
FBW7 and contributed to EMT in NCI-H358 and 
HCC827 cells. Nevertheless, ectopic expres-
sion of FBW7 reversed EMT as defined by up-
regulation of E-cadherin and down-regulation of 
Vimentin (Figure 6A). Additionally, immunofluo-
rescence staining also showed that overexpres-

sion of FBW7 induced a dramatic decrease in 
E-cadherin and increase in Vimentin (Figure 
6B). In order to ascertain the regulatory role of 
FBW7 on EMT, Twist-siRNA and FBW7-siRNA 
were transfected into NSCLC cells and down-
regulation of Twist and FBW7 was confirmed by 
western blot (Figure 7C and 7D). As a result, we 
found no significant differences in cell viability 
treated with or without doxorubicin (Figure 7A 
and 7B). Collectively, these results indicated 
that FBW7 prevented EMT triggered by doxoru-
bicin in NSCLC cells.

miR-223 targeted FBW7 in NSCLC cells

Bioinformatics analysis with Target scan soft-
ware revealed that FBW7 was a potential target 
gene of miR-223 (Figure S1). Four NSCLC cell 

Figure 7. Effects of down-regulation of Twist and FBW7 on doxorubicin sensitivity. Determination of cell viability in 
NCI-H358 (A) and HCC827 (B) cells transfected with Twist-siRNA and FBW7-siRNA. Down-regulation of Twist (C) and 
FBW7 (D) as determined by western blot. *P<0.05.
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Figure 8. miR-223 targeted FBW7 in NSCLC cells. Four NSCLC cells were incubated with miR-223 mimic or miR-223 inhibitor. The expression of FBW7 was measured 
by western blot (A and B). CCK-8 assay was then performed to determine the changes in cell viability in A549 (C), NCI-H358 (D), HCC827 (E) and NCI-H1299 (F) cells.
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lines were used to evaluate the effects of miR-
223 on FBW7 expression. We found that FBW7 

protein expression was obviously decreased 
when cells were transfected with miR-223 

Figure 9. Doxorubicin treatment decreased the expression of miR-223. Expression levels of miR-223 (A) and EMT 
markers (B) in four NSCLC cell lines. (C) After doxorubicin treatment, miR-223 was measured using real time PCR. 
(D) Measurement of cell viability in NCI-H358 and HCC827 cells transfected FBW7-siRNA and miR-223 inhibitor. 
*P<0.05.
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mimic, compared with those transfected with 
the negative control (Figure 8A). Conversely, 
transfection of miR-223 inhibitor into cells en- 
hanced the expression of FBW7 in A549, NCI-
H358, NCI-H1299 and HCC827 cells (Figure 
8B). Furthermore, we determined the role of 
miR-223 on cellular responses to doxorubicin 
by CCK-8 assay. miR-223 mimic-treated cells 
exhibited lower sensitivity to doxorubicin, while 
miR-223 inhibitor increased the doxorubicin 
sensitivity in A549 cells (Figure 8C). Similar 
results were also observed in NCI-H358 (Figu- 
re 8D), HCC827 (Figure 8E) and NCI-H1299 
(Figure 8F) cells. In addition, miR-223 was dif-
ferently expressed in NSCLC cells (i.e. HCC8- 
27>NCI-H358>A549>NCI-H1299) (Figure 9A). 
We also found that the expression of miR-223 
was positively correlated with E-cadherin and 
negatively related with Vimentin (Figure 9B). 
Treatment of cells with doxorubicin inhibited 
the expression of miR-223 in four tumor cell 
lines, indicating the regulatory role of miR-223 
in EMT pattern (Figure 9C). Furthermore, HCC- 
827 and NCI-H358 cells with silenced FBW7 
showed no significant differences to doxorubi-
cin with or without miR-223 inhibitor (Figure 
9D). Taken together, these data demonstrated 
that miR-223/FBW7 regulated cellular pheno-
type and chemosensitivity in NSCLC cells.

Discussion

Chemotherapy has been shown to be effective 
in the postoperative therapy of a variety of can-
cers. Nevertheless, acquisition of drug resis-
tance to the currently available chemothera-
peutics becomes a bottleneck for successful 
chemotherapy [4]. Hence, it is urgent to find 
novel therapeutic targets to reverse drug resis-
tance. In the present study, we found that miR-
223-FBW7 axis increased the doxorubicin sen-
sitivity via regulation of EMT pattern in NSCLC 
cells.

FBW7 is a F-box-containing protein in the SCF 
E3 ligase complex, which determines target 
specificity via recognition and binding of target 
proteins for ubiquitination and degradation [7, 
15]. A variety of studies have demonstrated 
that FBW7 is a potential tumor suppressor and 
responsible for carcinogenesis or cancer devel-
opment through regulation of cellular process-
es including cell growth, apoptosis, migration 
and cell cycle [16-18]. In our study, HCC827 
cells were most sensitive to doxorubicin among 

four NSCLC cell lines. Interestingly, the protein 
level of FBW7 was obviously higher in HCC827 
cells compared with that in NCI-H358, A549 
and NCI-H1299 cells. These findings led us to 
hypothesize that FBW7 might be involved in  
the doxorubicin cytotoxicity in NSCLC cells. 
Furthermore, FBW7 deficiency is considered to 
be involved in drug resistance in human can-
cers [19]. A previous study also supported the 
role of FBW7 in regulation of chemotherapeu- 
tic sensitivity and prognosis in NSCLC [20]. 
Consistently, we transfected NSCLC cells with 
FBW7-siRNA, resulting in a reduced drug sensi-
tivity in all the four tumor cell lines. Collectively, 
these results indicated that FBW7 played an 
important role in drug resistance of NSCLC 
cells.

A large amount of evidences support the criti-
cal role of EMT in the modulation of tissue 
regeneration, embryonic development, inflam-
matory response, and tumor invasion [21, 22]. 
In addition, it has also been well-recognized 
that EMT is one of the critical causes of drug 
resistance in cancers [23]. EMT consists a 
complex and reversible events which result in 
the acquisition of a mesenchymal phenotype 
and loss of epithelial cell adhesion [22]. We 
found that incubation with doxorubicin could 
induce EMT in NSCLC cells, and knockdown of 
Twist, an important E-cadherin repressor, pre-
vented EMT as evidenced by up-regulation of 
E-cadherin and down-regulation of Vimentin. 

F-box proteins are reported to be implicated in 
EMT via regulating its transcription factors and 
controlling its inducers [24, 25]. A recent study 
suggested that FBW7 inhibited EMT and meta-
static potential of cholangiocarcinoma cells 
[26]. Up-regulation of FBW7 altered EMT pat-
terns and thus enhanced chemotherapeutics 
cytotoxicity in NSCLC cells and hepatocellular 
carcinoma cells [27, 28]. In our study, tumor 
cells become more resistant to doxorubicin 
under hypoxia, which is a stimulator of EMT. 
Meanwhile, hypoxic treatment decreased the 
expression of FBW7 and E-cadherin, and in- 
creased the Vimentin level. On the contrary, 
plasmid-mediated upregulation of FBW7 led to 
no differences in the expression of EMT mark-
ers and doxorubicin sensitivity. In addition, 
ectopic expression of FBW7 also reversed 
doxorubicin-induced EMT as defined by a reduc-
tion in E-cadherin and an increase in Vimentin. 
siRNA-mediated silencing of FBW7 and Twist 
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had no effects on doxorubicin sensitivity. These 
results suggested that FBW7 regulated EMT 
patterns in NSCLC cells.

miRNAs, a class of noncoding endogenous 
RNAs with 18-24 nt length, regulate gene 
expression by post-transcriptional inhibition of 
mRNA [29]. They have been recognized as 
important markers in diagnostic, prognostic 
and therapeutic applications in lung cancer 
[30, 31]. It has been shown that miR-223 have 
critical roles in various human biological pro-
cesses, such as viability, invasion, apoptosis 
and metastasis [32, 33]. Both bioinformatics 
and experimentation confirmed that FBW7 is a 
functional target of miR-223 in gastric cancer, 
oesophageal squamous cell carcinoma and 
acute lymphoblastic leukemia [34-36]. In our 
study, FBW7 was decreased in miR-223 mimic-
transfected cells. In contrast, transfection with 
miR-223 inhibitor enhanced FBW7 level, sug-
gesting that FBW7 was a target gene of miR-
223 in NSCLC cell. Moreover, miR-223 was 
most abundant in epithelial HCC827 cells and 
its expression was reduced after doxorubicin 
administration. In addition, down-regulation of 
FBW7 led to no significant differences to doxo-
rubicin with or without miR-223 inhibitor, sug-
gesting that miR-223/FBW7 modulated doxoru-
bicin sensitivity in NSCLC cells.

In conclusion, our current study demonstrated 
that miR-223/FBW7 axis plays important roles 
in regulation of EMT and chemosensitivity in 
lung cancer cells. Thus, miR-223/FBXW7 signa-
ture might represent potential targets for thera-
peutic intervention in chemotherapy-resistant 
tumors.
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Figure S1. miR-223 predictively targeted FBW7. Bioinformatics analysis with Target scan software suggested that 
FBW7 was a target gene of miR-223.


