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ABSTRACT: Gastric cancer (GC) is one of the high mortality rate cancers in the world, and seeking more effective
treatment methods has always been one of the urgent clinical problems to be solved. Therefore, a thorough
understanding of GC pathogenesis is necessary. The E3 ubiquitin ligase ring finger protein 146 (RNF146) has been
implicated as the important factor in tumor evolution. However, its role in GC has not been well investigated. In the
present study, our results first showed that RNF146 was up-regulated in both GC tissues and GC cell lines. In addition,
RNF146 knockdown induced cell apoptosis and inhibited cell migration and invasion in HGC27 cells. However, these
phenomena could be reversed by RNF146 over-expression. Furthermore, our results demonstrated that RNF146
possessed oncogenic role through down-regulating the expression of Axin1 to activate β-catenin signaling pathway.
Collectively, these results indicated that RNF146 might be regarded as a carcinogen in human GC and representing as
a promising and valuable therapeutic target for the GC treatment.
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INTRODUCTION

Gastric cancer (GC) is considered as one of the most
lethal cancers worldwide, and contains varieties of
clinical behaviors and pathological entities [1]. Cur-
rently, the molecular mechanism under GC remains
unclear. For patients with early-stage GC, surgery
is still the initial treatment with complete resection,
but recurrence occurs in a significant proportion of
patients [2]. It is urgently needed to reveal the un-
derline mechanisms that are involved in GC develop-
ment, which will contribute to provide novel prognos-
tic biomarkers and valuable targets for the treatment
of GC.

Numerous studies have shown that the Wnt/β-
catenin signaling pathway plays critical role in human
cancer development, progression, and prognosis [3, 4].
For instance, the pathway is involved in the specifica-
tion and differentiation in mesenchymal stem cells [5],
In addition, Wnt/β-catenin signaling pathway regu-
lates cell autophagy and suppresses the adipogenic
program [6]. Researchers have found that the pathway
was activated and related to cell growth and migration
in GC cells [7–9]. Moreover, targeting Wnt/β-catenin
signaling has been indicated to be helpful to inhibit cell
proliferation of GC cells [10].

It is well known that E3 ubiquitin ligases are
involved in the management of cell growth, cell cycle
arrest, and cell apoptosis [11]. RNF146, a RING finger
protein belonging to E3 ubiquitin ligase family [12], in-
teracts with poly(ADP-ribose) via a PAR-binding motif
in the domain of Trp-Trp-Glu [13]. RNF146 has neu-
roprotective effect through inhibiting parthanatos via

binding with PAR [13]. Studies showed that RNF146
controled the Wnt signaling pathway by regulating the
degradation of Axin1 [13]. In addition, overexpression
of RNF146 in Non-Small Cell Lung Cancer induced cell
proliferation and migration via the Wnt/β-catenin sig-
naling pathway [12]. Moreover, it has been suggested
that RNF146 exerted oncogenic role in human colorec-
tal cancer by activating the Wnt/β-catenin signaling
pathway [14]. However, the function of RNF146 in the
development of GC and its crosstalk with the Wnt/β-
catenin signaling pathway in GC remain unclear. In the
present research, we investigated the role of RNF146 in
GC cells and revealed that RNF146 silencing possessed
anticancer effects by promoting cell apoptosis and in-
hibiting cell proliferation via Wnt/β-catenin signaling
pathway in GC cells.

MATERIALS AND METHODS

Gastric cancer tissues

In this study, we recruited 40 GC patients in Urumqi
Friendship Hospital. Patients did not receive any
chemotherapy or radiation before operation. Tissue
samples were collected and snap frozen in liquid nitro-
gen, and then were stored at −80 °C until further uses.
All experiments were performed in accordance with
the ethic committee of Urumqi Friendship Hospital.
The informed Consent Form was supplied following the
Declaration of Helsinki [15].

Cell lines and cell culture

GES-1 (human gastric epithelial cell line) and MKN45,
HGC27, AGS, MKN74 (Gastric cancer cell lines) cells
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were obtained from Nanjing Cobioer Biotechnology
Co., Ltd (Nanjing, Jiangsu, China). Cells were cultured
in RPMI1640 with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA), 1% penicillin, and 1% strepto-
mycin at 37 °C with 5% CO2.

Cell transfection

HGC27 cells were plated onto 24-well plates at ap-
proximately 50% confluence. RNF146 was cloned into
the pcDNA3.1 to increase RNF146’s expression. Then,
cells were transfected with SiRNA control (si-NC)
or si-RNF146 (si-RNF146; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) using Lipofectamine RNAiMAX
Reagent (Invitrogen) for 24 h. Transfection efficiency
was confirmed by western blotting, and GAPDH was
used as reference to evaluate the protein expression
level.

Wound-healing assay

Approximately 1× 106 HGC27 cells were seeded into
6-well plate and incubated for 24 h at 80–90% con-
fluence. A 10 µl plastic pipette tip was used to
make scratched wounds, and then the cells were cul-
tured. Cells were washed three times with PBS, serum-
free medium was added to the cells, and the wound
margins were photographed at 0 and 24 h under
macroscope (Olympus; IX51). The distance between
wounds’ margins in the microscopic field (200X) was
measured to quantify cell motility.

Transwell assay

200 µl cell suspensions containing 2.5× 103 cells/ml
were added to the upper chamber with the lower cham-
ber containing 600 µl medium of 10% fetal bovine
serum. The Transwell membrane was coated with Ma-
trigel (diluted 1:4, BD Biosciences, Franklin Lakes, NJ,
USA) to build a matrix barrier. Cells were incubated
at 37 °C with 5% CO2 for 24 h. After that, cells were
washed with PBS, fixed with 95% ethyl alcohol at room
temperature for 15 min and, then, stained with 1%
crystal violet for 10 min. Finally, photographs (200X)
were taken, and cells were counted under a microscope
(Olympus; IX51).

Cell proliferation and apoptosis assay

pcDNA3.1-RNF146 and siRNF146 transfected cells or
pcDNA3.1 and si-NC transfected cells were plated on
96-well plates. The cell proliferation was ascertained
by Cell Counting Kit-8 (CCK-8; Meilunbio, China)
following the producer’s guidelines. Annexin V/7-AAD
Apoptosis Detection Kit (Keygentec, Nanjing, China)
was used to evaluate cell apoptosis. The information
was obtained by flow cytometry (BD FACSCalibur,
USA) and analyzed using FlowJo software (FlowJo,
USA).

RT- PCR and western blot experiments

Total RNA was extracted using TRIzol (Invitrogen)
following the manufacturer’s direction. GAPDH’s level
served as the inner control. Primers used were [12]
RNF146, sense: 5′-GGACGTCGCAGGAAGATTAAG-3′

and anti-sense: 5′-CAATGGAGGTGTCTGGTGCT-3′;
and GAPDH, sense: 5′-GAAGGTCGGAGTCAACGGAT-
3′ and anti-sense: 5′- CCTGGAAGATGGTGATGGG-3′.
Data were analyzed by the comparative 2−∆∆Ct

method.
After harvesting, cells were treated with RIPA

(P0013; Beyotime Biotechnology, Shanghai, China)
lysis buffer to obtain the total protein, and then the
proteins were separated by SDS-PAGE. Thereafter, the
proteins were transferred onto polyvinylidene fluoride
membranes and blocked in 5% non-fat milk. Next,
the membranes were incubated overnight at 4 °C with
antibodies against RNF146 (1:1000; Abcam, Cam-
bridge, England), Caspase-3 (1:1000; CST, Boston,
USA), c-Caspase-3 (1:1000; CST), Bax (1:1000; CST),
β-catenin (1:1000; Abcam), Axin1 (1:1000; CST), and
GAPDH (1:1000; CST). Finally, the membranes were
incubated with HRP-conjugated secondary antibody
(1:2500, CST) at room temperature for 1 h and quanti-
tated using BioImaging. The protein levels were valued
using GAPDH as control.

Statistical analysis

The data was statistically analyzed using SPSS version
17.0 (SPSS Inc., Chicago, IL, USA) and expressed as
Mean±SD. The differences between two groups were
performed by two-tailed Student’s t-test. And one-way
ANOVA followed with post hoc Dunnett’s analysis were
used for comparison of differences among multiple
groups. p < 0.05 was considered to have statistically
significance.

RESULTS

RNF146 was up-regulated in GC tissues and cells

To explore the role of RNF146 in the development of
GC, we measured the mRNA and protein expression of
the RNF146 in GC tissues and cell lines. The expression
levels of RNF146 were significantly increased in GC
tissues compared with the adjacent normal tissues as
displayed in Fig. 1a,b. Consistently, the expression of
RNF146 was also markedly up-regulated in GC cells
compared with GES-1 cells (Fig. 1c,d). All these find-
ings demonstrated that the RNF146 was up-regulated
in gastric carcinoma samples and cells.

Silencing RNF146 promoted cell apoptosis in GC
cells

We then knocked down and overexpressed RNF146
in HGC27 cells using RNF146-targeting small inter-
fering RNA (siRNA) and pcDNA3.1-RNA146 overex-
pression plasmid, respectively. As shown in Fig. 2a,
after transfection for 24 h, the expression of RNF146
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Fig. 1 Expression of RNF146 in GC tissues and cell lines. (a) RT-PCR and (b) Western-blot analysis of RNF146 levels in gastric
normal and cancer tissues, n = 40. ** p < 0.01, compared with gastric normal tissues; (c) the mRNA and (d) protein levels
of RNF146 in human gastric epithelial cell line (GES-1) and gastric cancer cells (MKN45, HGC27, AGS, MKN74). * p < 0.05,
compared with GES-1 cells; ** p < 0.01, compared with GES-1 cells.

Fig. 2 RNF146 knockdown promoted cell apoptosis in GC cells. (a) Western blot analysis of RNF146 expression in HGC27
cells treated with si-NC, si-RNF146, pcDNA3.1, and pcDNA3.1-RNA146 for 24 h; (b) HGC27 cells transfected with si-NC,
si-RNF146, pcDNA3.1, and pcDNA3.1-RNA146 for 24 h; (c) cell apoptosis assessed using flow cytometry with the Annexin
V/7-AAD staining; (d) the levels of Bax and cleaved forms of caspase-3 examined by western blotting. * p< 0.05 & ** p< 0.01,
compared with control siRNA group. # p < 0.05 & ## p < 0.01, compared with control pcDNA3.1 group.
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Fig. 3 RNF146 influenced cell migration and invasion in HGC27 cells. (a) Wound healing assay in HGC27 cells with RNF146
knockdown or over-expressed and the ratio of the distance between 24 h and 0 h of wounds’ margins indicates the cell
motility; (b) cell invasion was evaluated using Transwell method. ** p < 0.01, compared with control siRNA group. All
photomicrographs were presented as 100X. ## p < 0.01, compared with control pcDNA3.1 group.

was obviously changed. RNF146 silencing signifi-
cantly repressed cell proliferation, while up-regulation
of RNF146 significantly induced cell growth as de-
termined by using CCK-8 in HGC27 cells (Fig. 2b).
In addition, down-regulation of RNF146 induced cell
apoptosis, but this phenomenon was reversed in
RNF146 over-expression cells (Fig. 2c). In keeping
with RNF146’s anti-apoptotic function, the protein lev-
els of Bax and cleaved forms of caspase-3 were substan-
tially elevated in RNF146 knockdown HGC27 cells;
whereas these results were dramatically reversed in
RNF146 over-expression HGC27 cells (Fig. 2d). Thus,
these results suggested RNF146 knockdown induced
cell apoptosis in GC cells.

Silencing RNF146 inhibited cell migration and
invasion in GC cells

The cell migration and invasion abilities were affected
by the knockdown and overexpression of RNF146 in
GC cells. Thus, we conducted the Wound-healing and
the Transwell experiments to evaluate cell migration
and invasion abilities, respectively. The results of
Wound healing assay showed that the width of the
wounds’ margins was obviously increased after down-
regulation of RNF146, and these results were signif-
icantly reversed by up-regulation of RNF146. More-
over, the cell invasion was increased in the RNF146
overexpressed group and decreased in the RNF146

silencing group (Fig. 3a,b). Taken together, the overall
results indicated that RNF146 played an important role
on cell migration and invasion in GC cells.

RNF146 regulated Wnt /β-catenin signaling
pathway in GC cells

We proposed that RNF146 may regulate the growth of
cancer cells through activating Wnt/β-catenin signal-
ing in GC. To test this speculation, we used HGC27
cells transfected with si-NC, si-RNF146, pcDNA3.1,
and pcDNA3.1-RNA146 and found that RNF146 silenc-
ing significantly repressed the expression of β-catenin;
whereas the Axin1 expression was markedly induced
in the si-RNF146 group. The expressions of c-Myc
and MMP-7, the two target genes of β-catenin, were
also decreased in si-RNF146 knockdown cells. How-
ever, overexpression of RNF146 obviously reversed
these phenomena (Fig. 4a). Further investigation on
the correlation of RNF146 expression and the Wnt/β-
catenin signaling in GC cells was done, and PNU-74654
(a pharmacological inhibitor of Wnt /β-catenin) was
used. The results showed that the regulation of Wnt/β-
catenin signaling pathway by RNF146 was reversed
by PNU-74654 (Fig. 4b). The effect of RNF146 on
promoting cell proliferation was also blocked (Fig. 4c).
Thus, these data collectively showed that RNF146 per-
formed an important role in promoting cell migration
and invasion via Wnt/β-catenin signaling pathway.
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Fig. 4 RNF146-mediated regulation of Wnt/β-catenin signaling pathway. (a) The protein levels of Axin1, β-catenin, c-Myc,
and MMP-7 in HGC27 cells treated with si-NC, si-RNF146, pcDNA3.1, and pcDNA3.1-RNA146 for 24 h; HGC27 cells treated
with pcDNA3.1, pcDNA3.1-RNA146 and PNU-74654 (200 µM) for 24 h. (b) The levels of Axin1, β-catenin, c-Myc and MMP-7
were detected by western-blot. (c) Cell activity was detected by CCK-8 assay. ** p< 0.01, compared with control siRNA group;
## p < 0.01, compared with control pcDNA3.1 group.

DISCUSSION

Despite the great progress made by modern treatments
of cancers, GC is still one of the leading causes of high
mortality in cancers worldwide [16, 17]. Although
efforts have been made to search for effective treat-
ments to improve the outcomes of GC patients, the
survival rate after GC surgery is still extremely low
with an overall 5-year survival rate of less than 10%
in the patients [18]. Therefore, it is required and
clinically important to identify effective diagnostic and
prognostic targets for GC treatment.

RNF146, a RING-type E3 ubiquitin-protein ligase,
is a major regulator in Wnt signaling [13]. Studies in-
dicate that RNF146 promotes DNA repair and protects
cell from cell death caused by DNA impairment [19].
In addition, RNF146 presents as a promising tumor
oncogene target in several cancers [12, 20, 21]. For
example, Li et al [22] found that RNF146 induced

the ubiquitination and degradation of PTEN, thus pro-
moting tumor cell growth. Up-regulated expression of
RNF146 was also identified in non-small cell lung can-
cer that related to cell proliferation and invasion [12].
Nevertheless, the clinical importance and biological
role of RNF146 in GC have not even been reported.
In the present study, we discovered that RNF146 was
up-regulated in both GC tissues and cell lines. In ad-
dition, RNF146 silencing induced cell apoptosis, while
high RNF146 expression induced cell proliferation and
invasion in GC cells. Our data illustrated that RNF146
could be a possible remedial target for the treatment
of GC.

It is well known that epithelial-to-mesenchymal
transformation (EMT) is a key mechanism driving in-
vasion and metastasis in most cancers [23]. Wnt/β-
catenin promotes epithelial-to-mesenchymal transition
(EMT) by binding to members of the TCF/LEF fam-
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ily [24–26]. Besides, β-catenin forms a complex
with epidermal growth factor receptor (EGFR), which
also promotes the metastasis and invasion of tumor
cells [27]. Moreover, Wnt/β-catenin signaling path-
way is involved in tumor drug resistance through a
cascade with the PI3K/AKT/GSK-3 pathway [28]. Fur-
thermore, Wnt/β-catenin signaling also orchestrates
with other cell signaling factors (such as nuclear factor
kappa-B (NF-κB), Hippo/YAP, and Notch) which play
pivotal role in the pathogenesis of cancers [29, 30].
Thus, Wnt/β-catenin signaling is a promising target for
cancer therapy.

In the Wnt/β-catenin signaling pathway, the status
of β-catenin depends on Wnt. On the one hand, in the
absence of Wnt, β-catenin can bind to the β-catenin
destruction complex, including the tumor suppressor
adenomatous polyposis coli (APC), scaffolding protein
Axin, glycogen synthase kinase 3 (GSK3), and casein
kinase 1α (CK1α). On the other hand, once the Wnt
ligand binds to the Frizzled receptor and the LRP5/6
co-receptor promotes the LRP5/6’s phosphorylation,
the activity of β-catenin destruction complex and sta-
bilization of β-catenin was reduced [31]. As the main
scaffolding protein of β-catenin [32], Axin directly
interacts with β-catenin, GSK3, and APC, and plays
critical role in the β-catenin destruction complex’s for-
mation [33]. Since the Axin’s level associates with the
β-catenin destruction complex’s concentration, Axin is
considered as an important factor in Wnt/β-catenin
signaling. Moreover, activation of Wnt/β-catenin has
been reported to be associated with tumor cell devel-
opment in GC. According to previous literature, RNF14
regulates the Wnt/β-catenin signaling pathway by act-
ing on Axin1 and subsequently affecting the expression
of downstream target genes of β-catenin, such as c-
Myc and MMP-7 [12–14]. Herein, our results showed
that RNF146 negatively regulated Axin’s expression
and positively induced the expression of β-catenin
(Fig. 4a). The protein levels of c-Myc and MMP-7
were reduced in the RNF14 knockdown HGC27 cells
but increased in the RNF14 up-regulated HGC27 cells
(Fig. 4a). However, the regulation effects of RNF146
on Wnt/β-catenin signaling pathway were blocked by
PNU-74654 treatment (Fig. 4b). Thus, we propose
that Wnt/β-catenin signaling may play a crucial role
in regulating RNF146 induced GC cell growth and
metastasis.

In conclusion, our study herein provided the first
evidence of RNF146’s oncogenic role in GC. Down-
regulation of RNF146 decreased cell proliferation and
induced cell apoptosis through repressing the Wnt/β-
catenin signaling in GC cells. However, further in vivo
experiments are needed to verify the interaction be-
tween RNF146 and Wnt/β-catenin in GC. Collectively,
RNF146 may act as potential prognostic and therapeu-
tic targets in GC patients, which will be beneficial to
the anti-GC therapies.
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