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TRIM58 suppresses the tumor growth in gastric cancer by inactivation of β-catenin
signaling via ubiquitination
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ABSTRACT
Objective: To investigate and define the underlying molecular mechanism of tripartite motif-containing
58 (TRIM58) in regulating the tumor growth of gastric cancer (GC).
Methods: TRIM58 expression in GC tissues and cells was detected by real-time PCR and Western blot,
followed by lentiviral-induced overexpression or knockdown of TRIM58. Subsequently, CCK8, BrdU-
ELISA, flow cytometry, immunoprecipitation, in vitro animal experiments and immunochemistry were
performed to explore the function of TRIM58. Western blotting was used to detect β-catenin, C-myc,
Cyclin D1, and survivin expression.
Results: TRIM58 expression was significantly reduced in tumor tissues of GC patients and GC cell lines,
whereas β-catenin, C-myc, Cyclin D1, and survivin were highly expressed. Overexpression of TRIM58 in
GC cells resulted in decreases in β-catenin, C-myc, Cyclin D1, and survivin protein expression and
significantly suppressed proliferation by preventing cell-cycle progression and promoting cell apoptosis.
Conversely, TRIM58 knockdown resulted in the opposite effects. Furthermore, the effect of TRIM58
knockdown on GC cells was potently reversed by a β-catenin inhibitor, XAV939. Immunoprecipitations
showed the interaction between TRIM58 and β-catenin, and TRIM58 overexpression significantly
enhanced β-catenin degradation. In addition, we found a significant decrease in the growth and weight
of tumors and an increase in tumor cell apoptosis in TRIM58-overexpression nude mice, which were also
accompanied by reduced β-catenin expression.
Conclusions: These data suggest that TRIM58 may function as a tumor suppressor in GC and potentially
suppress the tumor growth of gastric cancer by inactivation of β-catenin signaling via ubiquitination.
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Introduction

Gastric cancer (GC) is one of themost commonmalignancies and
is the second leading cause of cancer deaths worldwide, with
prominent occurrence in Eastern Asia, South America, and
Eastern Europe.1–3 In Japan, gastric cancer accounts for 18% of
all cancer deaths, ranking second in cancer-related fatalities.4 In
China, the incidence of gastric cancer in the northwest and eastern
coastal areas is significantly higher than that in the southern
regions. Despite great progress in diagnosis and treatment, the
five-year survival rate of GC remains low, at only 20%, due to high
recurrence rates and tumor metastases.5,6 Thus, GC remains
a huge health burden and there is an urgent need to identify
new tumor biomarkers that can predict the risk of GC
progression.

Deregulation of ubiquitin ligases is reported to be associated
with various biological processes in diseases.7–9 Tripartite motif-
containing (TRIM) proteins, comprising a RING-finger domain,
a B box, and a coiled-coil domain, possess E3 ubiquitin ligase
activities in diverse processes and diseases.10–12 A study revealed
that TRIM proteins are involved in many cancers and regulate
transcription factor activity.13 Aberrant gene methylation of
TRIM58, a member of the TRIM protein family, has been asso-
ciated with poor prognosis in liver and lung cancer patients.14,15

In addition, TRIM58 is a tumor suppressor in colorectal cancer,

and downregulation of TRIM58 is associated with poor patient
outcome due to the modulation of EMT via the Wnt/β-catenin
pathway.16 Studies have revealed that activated Wnt signaling
promotes nuclear translocation of β-catenin, which, in turn, drives
expression of two important Wnt target genes that serve as
oncogenes, Cyclin D1 and C-myc.17,18 Aberrant activation of
Wnt/β-catenin signaling has been reported to play an important
role in the initiation and development of cancer, and an increase
of Wnt/β-catenin signaling can promote the metastasis of lung
cancer cells.19 Furthermore, TRIM29 is found to act as an onco-
gene in GC, and also is involved in Wnt/β-catenin signaling
activity.20,21 However, the effect of TRIM58 in GC and its poten-
tial mechanisms are still little known.

In this study, reduced TRIM58 expression was observed in
GC tissues and cells, whereas β-catenin, C-myc, Cyclin D1,
and survivin were highly expressed. Overexpression of
TRIM58 in GC cells resulted in decreases in β-catenin,
C-myc, Cyclin D1, and survivin protein expression and sig-
nificantly suppressed proliferation by preventing cell-cycle
progression and promoting cell apoptosis. Conversely,
TRIM58 knockdown resulted in the opposite effects, which
was reversed by a β-catenin inhibitor. Immunoprecipitations
showed an interaction between TRIM58 and β-catenin, and
TRIM58 overexpression significantly enhanced β-catenin
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degradation. In addition, we found a significant decrease in
tumor growth and tumor weight and an increase in tumor cell
apoptosis in TRIM58-overexpression nude mice, accompa-
nied by reduced β-catenin expression. These data suggest
that TRIM58 may act as a tumor suppressor in GC, poten-
tially by modulating β-catenin signaling.

Materials and methods

GC patient tissue

Twenty-three GC patients, with a mean age of 55 years (ran-
ging from 50 to 70 years old), treated at Fudan University
Cancer Hospital (Shanghai, China) were enrolled in this
study. After a written informed consent was obtained, cancer
and normal tissue samples from the patients were collected
between May 25 and November 30, 2017, and stored in liquid
nitrogen prior to use. The expression of TRIM58 in tissues
was detected by real-time PCR and immunohistochemistry
(IHC). All experiments performed in this study were
approved by the Ethics Committee of Shanghai Medical
College, Fudan University (Shanghai, China).

Cell culture

Five human GC cell lines, MKN45, BGC823, HGC27, AGS
and SNU719, and a gastric mucosa cell line, GES-1, were
purchased from Type Culture Collection of the Chinese
Academy of Science (Shanghai, China). Cells were cultured
with RPMI-1640 medium (SH30809.01B, HyClone, GE
Healthcare Life Sciences, Logan, UT, USA), containing 10%
fetal bovine serum (FBS; 16000–044, GIBCO, Thermo Fisher
Scientific, Inc.) and 1% antibiotic (100×, penicillin and strep-
tomycin; P1400-100, Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China) at 37°C in a 5% CO2 humidified-
incubator (Thermo Forma 3111, Thermo Fisher Scientific,
Waltham, MA, USA). The medium was replaced every 2
days. GC cell lines (MKN45, BGC823, HGC27, AGS, and
SNU719) were previously utilized in studies of other biologi-
cal mechanisms that potentially regulate the development and
progression of GC through regulation of β-catenin
signaling.22–26

Plasmid constructs and lentiviral infection

After synthesis of shRNA sequences targeting three sites of
the TRIM58 gene (NM_015431.3; shown in Table 1), the
shRNA construct was formed by double-strand annealing
and inserted into the Agel I/EcoR I restriction sites in the
pLKO.1-puro vector (Addgene, Inc., Cambridge, MA, USA).
The full-length, 1461 bp, coding DNA sequence (CDS) region
of TRIM58 was synthesized (GENEWIZ, Suzhou, Jiangsu,
China), and inserted into the pLVX-Puro vector (Addgene,

Inc.) at the EcoRI/BamHI restriction sites. After confirmation
of successful insertion using DNA sequencing (Shanghai
Majorbio Pharmaceutical Technology Co., Ltd., Shanghai,
China), pLKO.1-shTRIM58 (1,000 ng) or pLVX-Puro-
TRIM58 (1,000 ng) plasmids were co-transfected into 293T
cells with psPAX2 and pMD2G, viral packaging plasmids
(Addgene, Inc.) using Lipofectamine 2000 (Invitrogen,
Thermo Fisher Scientific, Inc.). After 48 h of transfection,
viral particles were collected by ultracentrifugation.

Experimental grouping

In vitro, AGS and HGC27 cells were infected with the lenti-
viruses containing vector or TRIM58 overexpression
(TRIM58). In addition, SNU719 cells were infected with
negative control (shNC) or TRIM58 interference
(shTRIM58-1/shTRIM58-2/shTRIM58-3). Medium-treated
cells were used as a control. The efficiency of shTRIM58
and TRIM58 overexpression in GC cells was determined.
Furthermore, cell proliferation, cell-cycle progression, and
apoptosis as well as the expression of several related proteins
were examined.

After treatment of shNC + DMSO, shTRIM58 + DMSO,
shNC + XAV939 (Wnt/β-catenin inhibitor, 10 µmol/l; S1180,
Selleck), and TRIM58 + XAV939 (10 µmol/l) in SNU719 cells,
cell proliferation and the expression of several related proteins
were examined.

Twelve nude mice were randomly subcutaneously inocu-
lated with AGS cells with TRIM58 (Six) or vector (Six), after
the formation of a tumor, the tumor sizes in the mice were
measured by vernier caliper every 3 days. HE and TUNEL
stainings were used to analyze tumor cell apoptosis and
TRIM58 and β-catenin expression was detected by Western
blot.

Real-time polymerase chain reaction (RT-PCR) assay

Total RNA of GC tissues or cells was isolated using Trizol
reagent (1596–026, Invitrogen, Thermo Fisher Scientific,
Inc.). After quantification and confirmation of RNA integrity,
1 µg of RNA was reverse transcribed into cDNA by a reverse
transcription kit (#K1622, Fermentas, Thermo Fisher
Scientific, Inc.). RT-PCR using the cDNA templates was car-
ried out on an ABI 7300 Real-Time PCR system (ABI-7300,
Applied Biosystems, Thermo Fisher Scientific, Inc.), with the
following program: 95°C, 10 min (95°C, 15 Sec; 60°C, 45 Sec)
× 40; 95°C, 15 Sec; 60°C, 1 min; 95°C, 15 Sec; 60°C, 15 Sec.27

Subsequently, using the 2−ΔΔCq method,28 the TRIM58
mRNA, relative to GAPDH, was calculated. Primers are listed
as follows: TRIM58, Forward (F): 5ʹ-GCTGCTGAAAGGG
AATGAG-3ʹ, Reverse (R): 5ʹ-GTTGTGGGTGGCAAGATA
AG-3ʹ; C-myc, F: 5ʹ-AGAGTTTCATCTGCGACCCG-3ʹ, R:
5ʹ-GGCTGCCGCTGTCTTTGC-3ʹ; Cyclin D, 5ʹ-TACCCC
GATGCCAACCTC-3ʹ, R: 5ʹ-TGTTCCTCGCAGACCTCC-3ʹ;
survivin: 5ʹ-CAAGGAGCTGGAAGGGTG-3ʹ, R: 5ʹ-CGGA
TAAAACTGCGTGGC-3ʹ; GAPDH, F: 5ʹ-AATCCCATC
ACCATCTTC-3ʹ, R: 5ʹ-AGGCTGTTGTCATACTTC-3ʹ.

Table 1. TRIM58 interference target design results.

Name Sequences

TRIM58 target site 1 (893–911) GGAGGGAGCTCTTAAGGAA
TRIM58 target site 2 (1293–1311) GGACTATGAAGCCGGTGAA
TRIM58 target site 3 (1454–1472) GGGCATCCAGGGATCATTT
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Western blot analysis

RIPA buffer (R0010, Beijing Solarbio Science & Technology
Co., Ltd.), containing protease and phosphatase inhibitors,
was used to extract total protein. After quantification by
a BCA kit (PICPI23223, Thermo Fisher Scientific, Inc.), the
proteins were separated on a 10% or 12% SDS-PAGE gel and
transferred to polyvinylidene fluoride (PVDF) membranes
(HATF00010, EMD Millipore, Billerica, MA, USA).
Membranes were blocked in 5% skimmed milk (BYL40422,
BD Biosciences, Franklin Lakes, NJ, USA) at room tempera-
ture for 1 h, and then incubated overnight at 4°C with pri-
mary antibodies against TRIM58 (1: 500, Ab90362, Abcam,
Cambridge, UK), β-catenin (1: 1000; #8480, Cell Signaling
Technology [CST], Inc., Danvers, MA, USA), survivin (1:
1000, #2803, CST), C-myc (1: 1000; Ab32072, Abcam),
Cyclin D1 (1: 1000; #2922, CST) and GAPDH (1: 2000;
#5174, CST) with gentle shaking. Following 5–6 washes with
TBST, the membranes were incubated in goat anti-rabbit
(A0208) secondary antibodies labeled with HRP (1: 1000;
Beyotime Institute of Biotechnology, Haimen, China) for 2
hours at room temperature. Membranes were washed 5–6
times with TBST and developed with a chemiluminescent
reagent (WBKLS0100, EMD Millipore) and exposed on ECL
imaging system (Tanon-5200, Tanon Science and Technology
Co., Ltd., Shanghai, China). Using Image J version 1.47v
(National Institutes of Health, Bethesda, MD, USA), the
expression of proteins, relative to GAPDH, was analyzed
and calculated.

Histopathology

After embedding, fixing and sectioning, the tissue slices were
subjected to a 30-min incubation at 65°C in an oven. Later,
the slices were soaked in xylene I and xylene II (Shanghai
Sinopharm) in order for 15 min then soaked for 5 min in
100%, 95%, 85%, and 75% ethanol sequentially, followed by
a 10-min rinse with tap water. A brief procedure of IHC was
described as follows: Slides were submerged in 0.01 M sodium
citrate buffer (pH 6.0) for 10–15 min for antigen retrieval
followed by a 10-min incubation with 0.3% H2O2 in a wet-
box. Next, the slides were washed and incubated for 1 h with
TRIM58 Rb-antibody, followed by a 20–30 min incubation
with HRP-labeled secondary antibodies (Changdao, D-3004,
Shanghai, China). TUNEL staining was conducted as follows:
The slide was immersed in trypsin for 40 min and then
washed with PBS. The specimen was incubated with 50 μl of
TUNEL reaction mixture for 1 h in a dark-wet-box at 37°C,
followed by a 30-min reaction with 50 µl of POD in a dark-
wet-box at 37°C (covered with a coverslip). Subsequently, the
slides were subjected to DAB staining, hematoxylin staining
and alcohol differentiation with 1% hydrochloric acid (for
TUNEL staining: 75% alcohol, 85% alcohol, 95% alcohol,
100% alcohol, for step by step dehydration, 3 min each).
Hematoxylin-eosin (HE) staining was performed as follows:
The slices were stained for 5 min in hematoxylin solution and
color-separated for several seconds in ammonia water. After
rinsing for 15 min with running water, the slides were dehy-
drated sequentially in 70% and 90% alcohol for 10 min,

followed by 1–2 min staining with eosin solution and com-
plete dehydration by alcohol. The images of the slides were
taken on a microscope (NIKON, ECLIPSE Ni) and were
analyzed using the IMS image analysis system (NIKON, DS-
Ri2).

Cell proliferation assay

GC cells in a logarithmic growth phase were trypsinized and
re-suspended at 30,000 cells/mL cell, and then plated in 96-
well plates (TR4001, TRUELINE) at 3,000 cells/ml for over-
night culture in the incubator. After treatment for 0, 24, 48,
and 72 h, the cells were incubated at 37°C for 1 h with 100 µl
of Cell Counting Kit-8 (CCK-8; CP002, SAB, USA) solution
(CCK-8: serum-free medium = 1:10). The absorbance value
(OD) at 450 nm, indicating cell proliferation, was measured
using a microplate reader (DNM-9602, Perlong, Beijing,
China). Cell proliferation was assessed using the BrdU Cell
Proliferation ELISA Kit (Ab126556, Abcam) per manufac-
turer’s instructions. Cell proliferation was also assessed by
BrdU-ELISA as follows: After incorporation of BrdU into
the DNA of dividing cells, the cells were subjected to immo-
bilization, permeabilization, and DNA denaturation. Next, the
cells were incubated with anti-BrdU monoclonal antibody for
1 h and washed to remove unbound antibody. Cells were then
incubated with horseradish peroxidase-conjugated goat anti-
mouse antibody. Finally, the colored reaction that indicates
cell proliferation was quantified using a spectrophotometer.

Cell-cycle detection

When in a logarithmic growth phase, GC cells were trypsi-
nized and seeded at 300,000 cells/well in six-well plates for 24
h of adherent growth, and then treated as indicated. The cells
were collected and washed with 1 ml of pre-cooled PBS. After
5 min of centrifugation at 1,000 g, the cells were resuspended
in 300 µl of PBS contained 10% FBS (16000–044, GIBCO),
followed by 24 h of fixation at 4°C in 700 µl of absolute
ethanol (−20°C pre-cooled). After centrifugation and washing,
the cells were incubated in 100 µl of RNase A solution (1 mg/
ml; R8020-25, Solarbio) for 30 min in the dark at 37°C,
followed by incubation in 400 µl of propidium iodide (PI)
solutions (50 µg/ml; C001-200, 7Seabiotech, Shanghai, China)
for 10 min. The red fluorescence at 488 nm (excitation wave-
length) was determined by flow cytometry (Accuri C6, BD
Biosciences), and the cell-cycle progression was analyzed
using the FLOWJO software.

Cell apoptosis assay

After treatment, GC cells were collected and subjected to an
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) double stain (Beyotime, C1063) according to the
manufacturer’s instructions. Briefly, 195 µl of Annexin
V-FITC binding buffer was used to re-suspend 500,000–
1,000,000 cells, followed by 15 min incubation in the dark at
4°C in 5 µl of Annexin V-FITC. After that, the cells were
incubated in 5 µl of PI for 5 min in the dark at 4°C. A tube
without Annexin V-FITC and PI was used as a control. The
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percentage of apoptotic GC cells was evaluated by a Flow
cytometer using the BD AccuriTM C6 Software (Version
1.0.264.21, BD Biosciences).

Immunoprecipitation (IP) and ubiquitination detection

After treatment and extraction, the proteins were incubated at
4°C with rabbit-IgG (1 µg; Sc-2027, Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) or IP-indicated antibody (1 µg) overnight,
untreated proteins as an input control. After the formation of the
immune complex in Protein A/G PLUS-Agarose for 2 h, samples
were centrifuged for 4 min at 3000 rpm at 4°C, washed with 1 ml
of lysis buffer 4 times, and then boiled for 5min in the appropriate
protein loading buffer. Samples were centrifuged again and the
supernatant was collected in a new tube for western blot analysis.
Anti-TRIM58 antibody (Ab186357) and Anti-β-catenin antibody
(#8480) were applied for IP detection, and Anti-TRIM58 antibody
(Ab90362) and Anti-β-catenin antibody (Ab6301) were used in
western blot analysis. Following the 1 h of incubation in Protein
A/G PLUS-Agarose (Sc-2003, Santa Cruz Biotechnology, Inc.),
the proteins were incubated overnight at 4°C in 1 µg rabbit-IgG
(Sc-2027, Santa Cruz Biotechnology) or rabbit-Anti-β-catenin
(#8480) antibody. After the formation of the immune complex,
the proteins were centrifuged, washed with lysis buffer, and boiled
in protein loading buffer. The proteins were then subjected to
SDS-PAGE and Western blot was performed using the Anti-
Ubiquitin antibody (Ab7780).

Tumors in nude mice

After the preparation of 5,000,000 cells/ml suspensions, 12 nude
mice were randomly grouped for subcutaneous injection with 100
µl of vector-AGS cells (Six) or TRIM58-AGS cells (Six). After
injection, tumors formed after 1–2 weeks. After tumor formation,
tumor sizes were measured by vernier caliper every 3 days. After
the tumors reached maximum size, the nude mice were sacrificed
and photographed, and then the tumors were harvested for
weighing and recording. Tumor cell apoptosis was analyzed by
H&E and TUNEL staining and western blot was used to detect the
expression of TRIM58 and β-catenin.

Statistical analysis

Statistical significance in this study was analyzed using GraphPad
prism 7.0 software (GraphPad Software, Inc., La Jolla, CA, USA).
One-way analysis of variance (ANOVA) with Tukey’s multiple
comparison was used to assess the significance among multiple
comparisons. A paired or non-paired Student’s t-test was used for
two groups. Experimental values were presented as mean ± stan-
dard deviation (SD) of three individual repeats and a P value of
less than 0.05 was indicated as statistically significant.

Results

TRIM58 expression is significantly reduced in GC tissues
and cell lines

TRIM58 expression was detected in paired cancer and normal
tissues from 23 GC patients. We observed that TRIM58

expression was significantly lower in the tumor tissues of
GC patients compared to that in paired normal tissue
(Figure 1A). IHC staining of 10 pairs of cancer and normal
samples has shown that TRIM58 expression in 7 of the cancer
tissues was lower than that in normal tissue (Figure 1B),
which further supported the hypothesis that GC tumors
have low expression of TRIM58. RT-PCR and Western blot
analysis also demonstrated that TRIM58 expression in GC
cells (MKN45, BGC823, HGC27, AGS, and SNU719) was
significantly reduced compared to normal gastric mucosa
cells (GES-1), with TRIM58 expression relatively lower in
HGC27 and AGS, and relatively higher in SNU719 (Figure
1C). On the contrary, β-catenin was highly expressed in
cancer samples (Figure 1D) and GC cells (Figure 1E).
Moreover, compared to normal tissue, the expression of
C-myc, Cyclin D1 and survivin in GC tumors was signifi-
cantly increased (Figure 1F). Consistent with this, C-myc,
Cyclin D1 and survivin were also highly expressed in GC
cell lines (Figure 1G). These findings suggested that TRIM58
may function as a tumor suppressor in GC progression, and
β-catenin signaling may mediate the effects of TRIM58.
HGC27, AGS, and SNU719 cell lines were selected for the
following experiments.

Overexpression and knockdown of TRIM58 in GC cells by
lentiviral infection

In vitro, AGS and HGC27 cells were infected with TRIM58
lentivirus, and SNU719 cells were infected with shTRIM58-1,
shTRIM58-2, and shTRIM58-3 lentiviruses. Figure 2 shows
that infection with TRIM58 lentivirus significantly upregu-
lated both mRNA and protein expression of TRIM58 in
AGS (Figure 2A) and HGC27 (Figure 2B) cells, while all
three shTRIM58 lentiviruses significantly downregulated
TRIM58 expression in SNU719 cells (Figure 2C).
shTRIM58-1 and shTRIM58-2 showed the best effects; there-
fore, shTRIM58-1 and shTRIM58-2 were used for further
study.

Overexpression of TRIM58 inhibits GC cell proliferation
via promoting cell-cycle arrest and cell apoptosis

A previous study demonstrated that the promotion of
TRIM58 expression downregulated colorectal cancer cell
invasion.16 In our study, as shown in Figure 3, we found
that overexpression of TRIM58 in AGS and HGC27 cells
significantly inhibited cell proliferation (Figure 3A), stalled
cell-cycle progression in the G1-phase, thus reducing S/G2-
phase cells (Figure 3B), and promoted cell apoptosis (Figure
3C), whereas TRIM58 knockdown in SNU719 cells showed
opposite effects. Furthermore, the expression of β-catenin,
C-myc, Cyclin D1, and survivin was significantly decreased
by TRIM58 overexpression and increased by TRIM58 knock-
down (Figure 3D). Based on these findings, we conjectured
that overexpression of TRIM58 in GC cells could inhibit cell
proliferation by arresting cell-cycle progression and promot-
ing cell apoptosis, which is potentially mediated by β-catenin
signaling.
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TRIM58 inhibition of GC cell proliferation may be due to
β-catenin ubiquitination and inactivation

We further investigated the underlyingmechanisms of TRIM65 in
regulating GC cells. A previous study revealed thatWnt/β-catenin
signaling activation was a critical oncogenic event in tumor initia-
tion and development.29 C-myc and Cyclin D1 are two important
proto-oncogenes that are associated with cell proliferation and
cell-cycle progression and are downstream target genes of Wnt/β-
catenin signaling.29–31 Survivin is a regulator of cell-cycle progres-
sion and is critically required for inhibition of apoptosis.32,33 Here,
as shown in Figure 4A, TRIM58 knockdown-induced GC cell
proliferation was potently rescued by treatment with the Wnt-β-
catenin inhibitor, XAV939. Likewise, TRIM58 knockdown corre-
lated with significantly decreased expression of β-catenin, C-myc,

Cyclin D1 and survivin (Figure 4B). These are in agreement with
a previous report that activation of Wnt/β-catenin promotes cell
proliferation in cancer.34 In addition, Co-IP demonstrated that the
interaction between TRIM58 and β-catenin (Figure 4C).
Furthermore, overexpression of TRIM58 enhanced β-catenin ubi-
quitination in GC cells (Figure 4D). Altogether, the data implicate
that TRIM58 inhibition of GC cell proliferation may be mediated
by ubiquitination and inactivation of β-catenin signaling.

TRIM58 inhibited tumor growth and promoted apoptosis
in nude mice through inactivation of β-catenin signaling

After subcutaneous injection of vector-AGS cells (Six) or
TRIM58-AGS cells (Six) in nude mice, tumor growth and

Figure 1. TRIM58 expression is significantly reduced in GC tissues and cell lines Paired cancer and normal tissues of 23 patients were collected. (A) TRIM58 mRNA
expression was examined by RT-PCR. (B) TRIM58 in malignant and normal tissues was detected by IHC. (C) mRNA and protein expression of TRIM58 in GC cell lines
were examined. (D) β-catenin in cancer and normal tissues was detected by IHC. (E) β-catenin expression (nuclear and cytoplasmic) in GC cell lines was detected.
(F-G) mRNA and protein expression of C-myc, Cyclin D1, and survivin in GC tumors and cell lines were detected. *P < .05, **P < .01 and ***P < .001 were compared
to Paracancer or GES-1.
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apoptosis were measured. As shown in Figure 5A–B, the
growth and weight of tumors in TRIM58-overexpression
nude mice was significantly inhibited, concurrent with
a significant increase in apoptosis. Furthermore, the expres-
sion of β-catenin protein in TRIM58-overexpression nude

mice was significantly decreased (Figure 5C), which was con-
sistent with IHC analysis of β-catenin expression (Figure 5D).
These results further prove that TRIM58 may potentially
inhibit GC tumor growth and apoptosis through the inactiva-
tion of β-catenin signaling.

Figure 2. Overexpression and knockdown of TRIM58 in GC cells by lentiviral infection After lentiviral infection with vector or TRIM58 and shNC or shTRIM58
(shTRIM58-1, shTRIM58-2, and shTRIM58-3) (A-B) the overexpression efficiency of TRIM58 in AGS and HGC27 cells was detected. (C) The knockdown efficiency of
shTRIM58-1, shTRIM58-2, and shTRIM58-3 in SNU719 cells was also detected. ***P < .001 was compared to vector or shNC.

Figure 3. Overexpression of TRIM58 inhibits GC cell proliferation via cell-cycle arrest and increase in cell apoptosis AGS, HGC27, or SNU719 cells were infected with
shTRIM58 (shTRIM58-1 and TRIM58-2) or TRIM58 lentiviruses. (A) Cell proliferation was assessed by CCK-8 or BrdU-ELISA at 0, 24, 48, and 72 h. (B-C) After 48 h of
infection, cell-cycle phase proportions and apoptosis were assessed by flow cytometry. (D) The levels of related proteins (β-catenin, C-myc, Cyclin D1, and survivin)
were analyzed by Western blot. **P < .01 and ***P < .001 were compared to vector or shNC.
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Discussion

Cumulative studies have demonstrated that TRIM proteins are
involved in various human cancers. For instance, the expression
of TRIM26 and TRIM44 is suggested to be correlated with the
overall survival of hepatocellular carcinoma patients,35,36 and
TRIM29 overexpression in invasive bladder cancer indicates
a poor prognosis.37 Additionally, knockdown of TRIM37 and
TRIM46 inhibits breast cancer cell proliferation and tumor
growth.38,39 In the present study, significantly reduced TRIM58
expression was observed in GC tissues and cell lines, and over-
expression of TRIM58 in GC cells significantly inhibited cell
proliferation by arresting cell-cycle progression and promoting
apoptosis, while TRIM58 knockdown had opposite effects. These
findings suggested that TRIM58 may function as a tumor sup-
pressor in GC and TRIM58 overexpression may be associated
with good prognostic outcomes of GC, whichmay guide decisions
for GC treatment.

We also investigated the underlying mechanisms by which
TRIM58 plays a role in GC. Studies have implicated β-catenin
activation, as well as C-myc, Cyclin D1 and survivin expression, in
the progression of cancer, and overexpression of β-catenin and
Cyclin D1 is reported to be a marker of poor prognosis in
cancer.40–43 These were consistent with the findings in our study
that β-catenin, C-myc, Cyclin D1, and survivin were highly
expressed in GC tumors and cell lines. Furthermore, knockdown
of TRIM58-induced cell proliferation and expression of β-catenin,
C-myc, Cyclin D1, and survivin was strongly reversed by

treatment with the β-catenin inhibitor, XAV939. In line with
previous reports,44,45 these results indicate that the decrease of
Cyclin D1 could inhibit the progression of the cell cycle by arrest-
ing cells in the G1-phase, thereby inhibiting cell proliferation. We
inferred that TRIM58 inhibited GC cell proliferation by inactiva-
tion of β-catenin signaling. This is consistent with previous stu-
dies, which has shown that activation of β-catenin signaling is
a frequent cause in GC and correlates with patient survival in
GC.46,47 It is also reported that TRIM24 and TRIM31 are up-
regulated in human GC and promote the growth of GC cells,
possibly by regulating the ubiquitin-proteasome system.48,49

Likewise, our data showed the interaction between TRIM58 and
β-catenin, and overexpression of TRIM58 significantly promoted
β-catenin degradation. Importantly, IHC staining showed that β-
catenin expression in the tissues of TRIM58-overexpression nude
mice was significantly decreased. Altogether, our results demon-
strate that TRIM58 inhibition of GC cell proliferation is possibly
due to ubiquitination and inactivation of β-catenin. This view was
further supported by our in vivo experiments of nude mice. In
nude mice, the growth and weight of tumors in TRIM58-
overexpression cells was significantly inhibited, concurrent with
a significant increase in apoptosis and increased β-catenin protein.

In summary, the current study demonstrates that TRIM58
may function as a tumor suppressor in GC progression.
Overexpression of TRIM58 can significantly inhibit GC cell
proliferation via inhibition of cell-cycle progression and the
promotion of apoptosis. These effects are mediated by ubiqui-
tination and inactivation of β-catenin signaling. Therefore,

Figure 4. TRIM58 inhibition of GC cell proliferation may be due to β-catenin ubiquitination and inactivation After treatment with shTRIM58 lentivirus and XAV939 in
SNU719 cells, (A) Cell proliferation was assessed at 0, 24, 48, and 72 h, and (B) the levels of related proteins (β-catenin, C-myc, Cyclin D1 and survivin) were analyzed
by Western blot. (C) A Co-IP shows the co-existence of TRIM58 and β-catenin in the precipitant. (D) β-catenin ubiquitination was examined after infection with
TRIM58 lentivirus, and β-catenin expression was detected by western blot. **P < .01 and ***P < .001 compared to shNC + DMSO, ##P < .01 and P < .001 compared to
shTRIM58 + DMSO, and ++P < .01 and +++P < .001 compared to shNC + XAV939.
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high TRIM58 expression may be a good prognostic marker
for GC and targeting TRIM58 may be an effective therapeutic
strategy in GC.
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