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miR-363 promotes proliferation and chemo-resistance of human
gastric cancer via targeting of FBW7 ubiquitin ligase expression
Peng-Fei Zhang1,*, Lu-Lu Sheng2,*, Ge Wang1,*, Mi Tian2, Ling-Yin Zhu1, Rui Zhang1,
Jing Zhang1, Jin-Shui Zhu1
1

D
 epartment of Gastroenterology, Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, Shanghai 200233,
P.R. China

2

D
 epartment of Emergency Medicine, Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, Shanghai 200233,
P.R. China

*

These authors have contributed equally to this work

Correspondence to: Jin-Shui Zhu, email: zhujs1803@163.com
Jing Zhang, email: jing5522724@163.com
Keywords: gastric cancer, microRNA-363, proliferation, chemo-resistance, FBW7
Received: December 17, 2015     Accepted: April 11, 2016     Published: May 4, 2016

ABSTRACT
Dysregulation of microRNA expression is involved in several pathological
activities associated with gastric cancer progression and chemo-resistance. However,
the role and molecular mechanisms of miR-363 in the progression and chemoresistance of gastric cancer remain enigmatic. In this study, we validated that miR-363
expression was higher in gastric cancer tissues than in adjacent normal tissues.
Multivariate analysis identifies high levels of miR-363 expression as an independent
predictor for postoperative recurrence and lower overall survival. Increased miR-363
expression promotes gastric cancer cell proliferation and chemo-resistance through
directly targeting the tumor suppressor F-box and WD repeat domain-containing 7
(FBW7). Clinically, our data reveal that overexpression of miR-363 correlates with
the poor survival outcomes in patients with gastric cancer, and docetaxel + cisplatin
+ 5-FU (DCF) regimen response is impaired in patients with miR-363 overexpression.
These data suggest that miR-363 may be a potential therapeutic target for gastric
cancer and serve as a biomarker for predicting response to DCF regimen treatment.

microRNAs (miRNAs) belong to a class of short
(19-22 nucleotides), noncoding RNA sequences [8]. It has
been confirmed that aberrantly expressed miRNAs play
essential roles in tumorigenesis and progression processes
[9]. Recently, it has been reported that miR-940, miR363, miR-25, and miR-269-5p function as oncogenes in
gastric cancer [10-12], whereas miR-22, and miR-361-5p
function as tumor suppress genes [13-15].
F-box and WD repeat domain-containing 7 (FBW7)
is a substrate recognition component of the Skp1-Cul1F-box (SCF) ubiquitin ligase complex and functions as
a tumor suppressor by ubiquitination and degradation
several oncoprotein proteins, including c-Myc, cyclin E,
Notch-1, c-Jun, and Mcl-1, thus participating in inhibiting
the progression of cancer [16-18]. Low expression of
FBW7 is significantly correlated with poor prognosis
in various human malignancies, such as gastric cancer,
breast cancer, colon cancer, and esophageal squamous
cell carcinoma [19-22]. However, the upstream signaling

INTRODUCTION
Gastric cancer is the fourth most common cancer
and second leading cause of cancer-related deaths
worldwide [1]. Patients with advanced gastric cancer
have a poor prognosis and the 5-year overall survival
rate remains low at approximately 25% [1-3]. These
dismal outcomes result from its high recurrence following
curative stomach resection and its notorious resistance
to systemic chemotherapy [4, 5]. In the past several
decades, docetaxel + cisplatin + 5-FU (DCF) regimen
has been used as a first-line treatment for advanced
gastric cancer patients [6]. However, for patients with
advanced gastric cancer, the response rate to neoadjuvant
chemotherapy is more than 50% and nearly all patients
develop chemotherapy resistance [7]. Thus, it is urgently
needed to identify and develop new treatment strategies
regarding gastric cancer molecular mechanisms involved
in chemotherapy resistance.
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pathways that govern FBW7 stability and/or function are
very limited [23].
In this study, we demonstrated that miR-363
expression is frequently increased in gastric cancer tissues
and contributes to poor outcomes in clinical patient.
Furthermore, the miR-363/FBW7 axis promotes the
proliferation and chemo-resistance of gastric cancer cells.
Moreover, these findings indicate that the miR-363/FBW7
axis is closely associated with the malignant phenotypes
and serves as a potential therapeutic target for predicting
response to DCF treatment in gastric cancer.

low expression group were also observed (Figure 1E and
1F) (Supplementary Table S3). These results revealed that
elevated expression of miR-363 was correlated with poor
prognosis of gastric cancer, implicating that miRNA-363
was involved in gastric cancer progression.

miR-363 promotes proliferation and chemoresistance of gastric cancer cells in vitro
To elucidate the roles of miR-363 in gastric cancer
cells, we generated MGC-803 and HGC-27 cells (which
expressed lower levels of miR-363) overexpressing
miR-363 (Supplementary Figure S1). Forced miR-363
expression significantly increased the proliferation abilities
of MGC-803 and HGC-27 cells compared with the NC
group (Figure 2A and 2B). Furthermore, we examined
the role of miR-363 in gastric cancer cells sensitive to
chemotherapy agents. For MGC-803-NC and MGC-803miR-363 cells, the 5-FU IC50 values were 128.00 ± 16.31
mg/L and 463.83 ± 63.1 mg/L, respectively (P<0.05)
(Figure 2C); for HGC-27-NC and HGC-27-miR-363 cells,
the 5-FU IC50 values were 104.2 ± 2.68 mg/L and 231.55
± 12.41 mg/L, respectively (P<0.05) (Figure 2D). For
MGC-803-NC and MGC-803-miR-363 cells, the cisplatin
IC50 values were 3.46 ± 0.23 mg/L and 7.83 ± 1.23 mg/L,
respectively (P<0.05) (Figure 2E); for HGC-27-NC and
HGC-27-miR-363 cells, the cisplatin IC50 values were
3.09 ± 0.41 mg/L and 7.19 ± 0.82 mg/L, respectively
(P<0.05) (Figure 2F). For MGC-803-NC and MGC-803miR-363 cells, the docetaxel IC50 values were 11.06 ±
0.80 mg/L and 18.53 ± 1.73 mg/L, respectively (P<0.05)
(Figure 2G); for HGC-27-NC and HGC-27-miR-363 cells,
the docetaxel IC50 values were 11.17 ± 1.52 mg/L and
17.92 ± 1.73 mg/L, respectively (P<0.05) (Figure 2H).
Next, we examined the effects of low concentration DCF
regimen (5-FU 20 mg/L, cisplatin 1 mg/L, and docetaxel
3 mg/L) on cell viability of MGC-803-NC, MGC-803miR-363, HGC-27-NC, and HGC-27-miR-363 cells. Our
data illustrated that a high level of miR-363 expression led
to DCF regimen resistance in gastric cancer cells (P<0.05)
(Figure 2I).

RESULTS
miR-363 is overexpressed in gastric cancer
tissues, and a high level of miR-363 positively
correlates with poor prognosis in gastric cancer
patients
It has been confirmed that miR-363 plays an
important role in gastric carcinogenesis [11]. However,
the relationship between gastric cancer and miR-363
expression remains elusive. To further explore the role
of miR-363 in gastric cancer, we performed real-time
PCR in 110 pairs of gastric cancer tissues and adjacent
normal tissues in the training cohort. Compared with
the corresponding adjacent normal tissues, miR-363
expression was significantly increased in 71 gastric cancer
cases (64.5%; Figure 1A). These data suggested that
increased miR-363 expression might be a frequent event
in gastric cancers. In clinical stages, miR-363 expression
in cancer tissues of stages III and IV was significantly
higher than in cancer tissues of stages I and II (Figure 1B)
(P < 0.01).
To examine the relationship between miR-363
expression and clinicopathological features, we analyzed
their correlations in the training cohort. The results showed
that miR-363 expression was significantly associated with
poor clinicopathological features, including histologic
grade (P = 0.018) (Supplementary Table S1). For further
analysis, patients were separated into groups with high
(n = 57) and low (n = 53) miR-363 expression groups.
There was a striking, and statistically significant inverse
association between miR-363 expression intensity and
overall survival (OS; P < 0.01) (Figure 1C), and to a less
extent, a statistically positive association between miR-363
expression intensity and cumulative recurrence (P < 0.01)
(Figure 1D). Multivariate analysis revealed that miR-363
expression in tumors was an independent predictor for both
OS and cumulative recurrence (Supplementary Table S2).
Therefore, miR-363 expression is a valuable predictor for
recurrence and survival in gastric cancer patients. These
associations were further validated in another cohort
comprised of 110 postoperative gastric cancer patients.
Similarly, shorter OS and higher cumulative recurrence
in the high miR-363 expression group than those in the
www.impactjournals.com/oncotarget

FBW7 is a novel target of miR-363
To identify the potential target mRNA of
miRNA-363, the databases TargetScan, PicTar, miRDB,
and microcosm were used. We found that the 3′-UTR of
FBW7 mRNA contains a sequence motif, which perfectly
matching with the “seed-sequence” of the miR-363
(Figure 3A).
FBW7 is the substrate recognition component
of the SCF ubiquitin ligase complex and functions as
a tumor suppressor by targeting various oncoproteins
for ubiquitination and degradation [16]. Therefore, we
hypothesized that miRNA-363 might be capable of
inhibiting the expression of FBW7, thereby promoting
35285
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the proliferation and resistance to chemotherapy agents.
To confirm whether FBW7 is a direct target of miR-363
in gastric cancer cells, we conducted luciferase reporter
assays after transfection of wild type or mutated FBW7
3′-UTR into gastric cancer MGC-803 cells, with synthetic
miR-363 mimic. We found that miR-363 reduced
luciferase activity in cells transfected with wt FBW7

3′-UTR, but had no effect on luciferase activity in cells
transfected with mutant FBW7 3′-UTR (Figure 3B).
Additionally, forced expression of miR-363 reduced
FBW7 mRNA levels in gastric cancer MGC-803 and
HGC-27 cells (Figure 3C). Furthermore, the expression of
miR-363 in human gastric cancer tissues was negatively
related to FBW7 mRNA level (Figure 3D and 3E).

Figure 1: miR-363 is frequently increased in gastric cancer and significantly correlated with poor prognosis. A. Expression

of miR-363 in 110 pairs of gastric cancer tissues and their corresponding adjacent normal tissues in a training cohort. Expression level of
miR-363 was determined by real-time PCR and normalized to U6. Red line indicates fold change of miR-363 equal to 2. B. 110 patients
were divided into stage I-II and stage III-IV groups. The diagram shows the miR-363 expression of each group. **P<0.01, ***P<0.001. C,
D, E, and F. Patients in the training and validation cohorts were divided into a miR-363low expression group and a miR-363high expression
group, respectively, according to the result of real-time PCR. Survival curve was calculated with the log-rank test. Results show OS and
recurrence of patients with high or low miR-363 expression in the training and validation cohorts.
www.impactjournals.com/oncotarget
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Figure 2: miR-363 promotes proliferation and chemotherapy resistance of gastric cancer cells in vitro. Gastric cancer

cell lines infected with miR-363 expression lentivirus or NC were used in these studies. A and B. Cell growth of gastric cancer cells was
examined using CCK-8 assays. C-H. Forced miR-363 expression in gastric cancer cells reduced their sensitivity to 5-FU, cisplatin, and
docetaxel. I. Forced miR-363 expression in gastric cancer cells reduced their sensitivity to low concentration DCF regimen (5-FU 20 mg/L,
cisplatin 1 mg/L, and docetaxel 3 mg/L). Data are represented as the mean ± SD, n=3. *P<0.05; **P<0.01.

Figure 3: miR-363 directly targets FBW7 expression in gastric cancer cells. A. Predicted target sequences in 3′-UTR of FBW7

bound to miR-363. B. The wild type or mutated FBW7 3′-UTR was transfected into gastric cancer cells with or without synthetic miR363 mimic. Luciferase activity was determined 48 h after transfection. Data were normalized to the luciferase activity transfected with
miRNA negative control (n=3). C. Expression of FBW7 mRNA upon miR-363 overexpression was detected in two gastric cancer cell lines
by real-time PCR. D and E. A negative correlation between miR-363 and FBW7 mRNA was observed in gastric cancer tissues. Data are
represented as the mean ± SD, n=3. **P<0.01.
www.impactjournals.com/oncotarget
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Collectively, these results indicate that FBW7 is a direct
target of miR-363 in gastric cancer.

± 42.12 mg/L, respectively (P<0.05) (Figure 4C); for
HGC-27-NC-shRNA and HGC-27-FBW7-shRNA cells,
the 5-FU IC50 values were 83.36 ± 7.06 mg/L and 180.14
± 22.65 mg/L, respectively (P<0.05) (Figure 4D). For
MGC-803- NC-shRNA and MGC-803-FBW7-shRNA
cells, the cisplatin IC50 values were 3.98 ± 0.37 mg/L and
8.3 ± 0.37 mg/L, respectively (P<0.05) (Figure 4E); for
HGC-27-NC-shRNA and HGC-27-FBW7-shRNA cells,
the cisplatin IC50 values were 3.58 ± 0.44 mg/L and 6.6 ±
0.82 mg/L, respectively (P<0.05) (Figure 4F). For MGC803- NC-shRNA and MGC-803-FBW7-shRNA cells, the
docetaxel IC50 values were 11.06 ± 0.67 mg/L and 19.07
± 1.73 mg/L, respectively (P<0.05) (Figure 4G); for
HGC-27-NC-shRNA and HGC-27-FBW7-shRNA cells,
the docetaxel IC50 values were 11.34 ± 1.57 mg/L and
18.46 ± 2.05 mg/L, respectively (P<0.05) (Figure 4H).
Next, we examined the effects of low concentration DCF
regimen (5-FU 20 mg/L, cisplatin 1 mg/L, and docetaxel
3 mg/L) on cell viability of MGC-803-NC-shRNA,

Knockdown of FBW7 expression promotes
proliferation and chemo-resistance of gastric
cancer cells in vitro
To further confirm the hypothesis that miR-363
overexpression leads to comparative gastric cancer
proliferation and resistance to chemotherapy agents
by targeting FBW7, we generated FBW7 knockdown
MGC-803 and HGC-27 cells. Knockdown of FBW7
expression significantly reduced the proliferation abilities
of MGC-803 and HGC-27 cells compared with the NCshRNA group (Figure 4A and 4B). Furthermore, we
examined the role of FBW7-shRNA in gastric cancer
cells sensitive to chemotherapy agents. For MGC-803NC-shRNA and MGC-803-FBW7-shRNA cells, the
5-FU IC50 values were 104.27 ± 12.56 mg/L and 252.79

Figure 4: FBW7-shRNA promoted proliferation and chemo-resistance of gastric cancer cells in vitro. Gastric cancer cell
lines infected with FBW7-shRNA expression lentivirus or NC-shRNA were used in these studies. A and B. Cell growth of gastric cancer
cells was examined with CCK-8 assays. C-H. Knockdown of FBW7 expression in gastric cancer cells reduced their sensitivity to 5-FU,
cisplatin, and docetaxel. I. Knockdown of FBW7 expression in gastric cancer cells reduced their sensitivity to low concentration DCF
regimen (5-FU 20 mg/L, cisplatin 1 mg/L, and docetaxel 3 mg/L). Data are represented as the mean ± SD, n=3. *P<0.05; **P<0.01.
www.impactjournals.com/oncotarget

35288

Oncotarget

MGC-803-FBW7-shRNA, HGC-27-NC-shRNA, and
HGC-27-FBW7-shRNA cells. Our data illustrated that
a low level of FBW7 expression led to DCF regimen
resistance in gastric cancer cells (P<0.05) (Figure 4I).
Together, these data suggest that miR-363 overexpression
promotes gastric cancer cell resistance to chemotherapy
agents by targeting FBW7.

HGC-27-miR-363 cells with forced FBW7 expression and
found that increased FBW7 expression was sufficient to
block the miR-363-induced proliferation in gastric cancer
cells (Figure 5C-5E).

miR-363 exerts its function by suppressing
FBW7 expression

We then analyzed retrospective data from 40
advanced recurrent gastric cancer patients receiving
DCF therapy who had undergone gastric cancer
resection 2 to 60 months prior to the combined therapy;
patient demographics (Supplementary Table S4) and
progression free survival (PFS) rates were recorded.
miR-363 expression levels were then measured
(Figure 6A), and Kaplan-Meier survival analysis
indicated that the OS probability for the miR-363-high
group was much lower than that for the miR-363-low
group (Figure 6B). The median OS was 21.0 months in
the miR-363-high group and 52.6 months in the miR363-low group; therefore, we conclude that high levels
of miR-363 expression lead to gastric cancer DCF
resistance.

miR-363 expression is inversely correlated with
gastric cancer sensitivity to DCF

It has been confirmed that critical oncogenic FBW7
substrates including c-Myc, Mcl-1, cyclin E, and c-Jun.
In order to better understand the mechanisms of miR-363
involved in proliferation and resistance to chemotherapy
agents in gastric cancer cells, western blotting was used
to detect the FBW7-shRNA- and miR-363-induced
signaling pathway changes in MGC-803 and HGC-27
cells. Interestingly, as well as miR-363, FBW7-shRNA
significantly inhibits c-Myc, Notch, cyclin E, and
c-Jun expression at the protein level in MGC-803 and
HGC-27 cells (Figure 5A and 5B). Next, we investigated
the proliferation of the MGC-803-miR-363 and

Figure 5: miR-363 overexpression inhibits FBW7 signaling in gastric cancer cells in vitro. A. Forced miR-363 expression
reduced FBW7 expression while enhanced c-Myc, c-Jun, and cyclin E expression in gastric cancer cells. B. Knockdown of FBW7 expression
increased protein expression of c-Myc, c-Jun, and cyclin E in gastric cancer cells. C. Overexpressing FBW7 in MGC-803-miR-363 and
HGC-27-miR-363 cells using a lentiviral vector. D and E. Cell growth of gastric cancer cells was examined with CCK-8 assays.
www.impactjournals.com/oncotarget
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Figure 6: miR-363 induces DCF resistance in gastric cancer patients. A. 40 patients were divided into DCF-sensitive and
DCF-resistant groups. The diagram shows the miR-363 expression of each group. **P<0.01. B. Comparison of PFS survival curves for
patients with high and low miR-363 expression that were treated with DCF.

DISCUSSION

induced resistance to chemotherapy agents and promoted
proliferation in gastric cancer cells. In addition, an
inverse correlation between miR-363 and FBW7 mRNA
expression was observed in gastric cancer tissues.
In summary, our findings indicate that increased
miR-363 expression is a frequent event in gastric
cancers and increased miR-363 expression promotes
cell proliferation, chemo-resistance by inhibiting the
FBW7 pathway, suggesting that targeting miR-363 in a
subset of gastric cancer would be an optimal therapeutic
strategy and miR-363 may be a biomarker for predicting
responsiveness to chemotherapy treatment.

Currently, DCF regimen remains a first line
treatment course for patients with advanced gastric cancer.
Chemo-resistance causing treatment failure and recurrence
is still an intractable problem. As the poor prognosis in
gastric cancer patients is mainly due to late diagnosis and
bad chemotherapy response, thus, it is urgently needed to
identify predictive markers of therapeutic response.
Recently, miRNAs have emerged as important
biomolecules in regulating the responses of cancer cells
to therapy agents. Patient response to chemotherapy has
been proved closely correlated with the dysregualton of
microRNAs expression [24-26]. Currently evidences
suggests the roles of miRNAs, including influence of
therapeutic induced cell apoptosis, regulation of multiple
drug resistance (MDR)-related proteins expression, and
induction of cancer cells converting to tumor stem-like
cells (TSC) in several cancers [27]. Recently, studies
have demonstrated that there is an intimate correlation
between dysregulation of FBW7 expression and the
incurring chemotherapy resistance. FBW7 exerts its
tumor suppressor function by promoting the ubiquitination
and degradation of various oncoproteins, including
c-Myc, Mcl-1, cyclin E, and c-Jun, which regulate
many cellular processes, for example, cell proliferation,
cellular metabolism, differentiation, and apoptosis.
Since dysregulation of the FBW7 expression is linked to
chemotherapy resistance, FBW7 may represent a novel
therapeutic target for increasing chemotherapy sensitivity
of cancer cells to chemotherapeutics [28]. In this study,
we showed that miR-363 promotes gastric cancer cells
proliferation by inhibiting FBW7 expression and was
associated with chemo-resistance of gastric cancer
cells. Silencing FBW7 largely phenocopied miR-363www.impactjournals.com/oncotarget

MATERIALS AND METHODS
Cell lines and clinical samples
Human gastric cancer HGC-27, MGC-803, SGC7901, and BGC-823 cell lines were purchased from the
Cell Bank, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai. NCI-N87 and
AGS cell lines were purchased from the American Type
Culture Collection. All of the cell lines were routinely
maintained. Human gastric cancer tissues and adjacent
normal tissues were obtained from the Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital
(Clinicopathological characteristics were listed in
Supplementary Table S5). Sample collections were
performed after receiving approval from the institutional
ethics review committee of the Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital, and no
patients had undergone chemotherapy prior to surgery.
Surgical evaluation was used to determine the clinical
stage and pathologists performed histopathologic analysis
to assess the cancer type and grade.
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