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TRIM24 promotes the aggression of gastric cancer
via the Wnt/p-catenin signaling pathway
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Abstract. Tripartite motif-containing 24 (TRIM24) is impor-
tant in tumor development and progression. However, the
role of TRIM24 in gastric cancer (GC) and the mechanisms
underlying the dysregulated expression of TRIM24 remain
to be fully elucidated. In the present study, it was found that
TRIM24 was frequently overexpressed in GC cell lines and
tissues compared with normal controls, as determined by
western blotting and immunohistochemical staining. The
high nuclear expression of TRIM24 was correlated with the
depth of invasion (P=0.007), tumor-node-metastasis stage
(P=0.005), and lymph node metastasis (P=0.027), and shorter
overall survival rates (P=0.010) in patients with GC. Small
interfering RNA-mediated knockdown of TRIM24 inhibited
cell proliferation, colony formation, migration, invasion and
the nuclear accumulation of -catenin, and it delayed cell cycle
progression and induced apoptosis. In addition, the expression
of TRIM24 was positively correlated with that of 3-catenin
in GC tissues. TRIM?24 knockdown decreased the expres-
sion of Wnt/B-catenin target genes, whereas the activation
of Wnt/pB-catenin signaling by lithium chloride reversed the
effects of TRIM24 knockdown. Taken together, these data
suggested that TRIM24 was a prognostic or potential thera-
peutic target for patients with GC and was important in the
activation of the Wnt/p-catenin pathway during the progres-
sion of GC.

Introduction

Gastric cancer (GC) is the second leading cause of cancer-asso-
ciated mortality worldwide (1). Despite substantial advances
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in surgery, chemo- and radiotherapy, and targeted molecular
therapy, the 5-year survival rate of patients with advanced GC
remains low. Therefore, identifying novel diagnostic and prog-
nostic markers, and elucidating the mechanisms underlying
disease progression are essential for preventing and treating
gastric tumorigenesis.

The Wnt/B-catenin signaling pathway is implicated in
oncogenesis, and contributes to the initiation and progres-
sion of GC (2). In the absence of Wnt ligands, cytoplasmic
B-catenin is phosphorylated by a multi-protein complex
consisting of adenomatous polyposis coli (APC), axin, casein
kinase 1 and glycogen synthase kinase (GSK)-3f3, leading to
its ubiquitination and degradation (3,4). This is inhibited upon
activation of Wnt signaling; f-catenin accumulates in the
cytoplasm and translocates to the nucleus, where it initiates
the transcription of a variety of target genes. The accumula-
tion of nuclear B-catenin is a hallmark of Wnt signaling
activation (5). Somatic mutations in APC, -catenin and
axin, among other factors, are responsible for activating the
Wnt/pB-catenin pathway (6-8). However, the mechanisms by
which the Wnt/B-catenin pathway is activated in GC remain
to be fully elucidated.

The tripartite motif (TRIM) family, identified as a
subfamily of the RING-type E3 ubiquitin ligase family, is
involved in a broad range of biological processes, including
cell growth and apoptosis, development and tumorigenesis (9).
TRIM24, formerly known as transcriptional intermediary
factor la, is a member of the TRIM family, which is char-
acterized by a RING domain, two B-box zinc fingers and
a coiled-coin region (10). The aberrant overexpression of
TRIM?24 is a prognostic factor in several types of cancer, and
promotes tumor development and progression through various
mechanisms. TRIM24 ubiquitinates and induces the protea-
some-mediated degradation of p53 (11,12), and can also bind
to chromatin and the estrogen receptor to activate target genes
associated with cell proliferation and tumor development in
breast cancer (13). TRIM?24 also promotes tumorigenesis by
activating aerobic glycolysis (14) and serves as a target of chro-
mosomal translocations leading to the formation of oncogenic
fusion proteins (15-17). However, the role of TRIM24 in the
development of GC and the underlying molecular mechanisms
remain to be fully elucidated. Previous studies have indicated
that TRIM proteins regulate Wnt/f3-catenin signaling. TRIM29
promotes proliferation and metastasis via Wnt/B-catenin
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pathway activation in pancreatic cancer (18), whereas TRIM24
knockdown in human HepG2 liver cancer cells downregulates
B-catenin and cyclinD1, two major downstream genes of the
Wnt pathway (19). Therefore, the present study hypothesized
that TRIM24 promotes the aggressiveness of GC by activating
Wnt/B-catenin signaling.

To confirm this hypothesis, the present study examined
the expression and functions of TRIM24 in GC cell lines and
tissue samples. It was found that TRIM24 was upregulated
in GC, which was positively correlated with the expression
of B-catenin. In addition, TRIM24 knockdown suppressed
cell proliferation, arrested cells at the GO/G1 phase, inhibited
migration, invasion and the nuclear translocation of -catenin,
and induced apoptosis. It was confirmed that TRIM24 exerted
its oncogenic functions through activation of the Wnt/f3-catenin
pathway. Therefore, the findings of the present study indicated
that TRIM24 may serve as a potential therapeutic target
for GC and is important in activation of the Wnt/B-catenin
pathway during the progression of GC.

Materials and methods

Ethics statement. The present study was approved by the
Ethics Committee of the First Affiliated Hospital of Nanchang
University (Nanchang, China). Informed consent was provided
by patients from whom tissue samples were obtained for inves-
tigation.

Cell lines and culture. The human MGC803 and SGC7901 GC
cell lines were purchased from the Type Culture Collection of
the Chinese Academy of Science (Shanghai, China). GES-1, a
normal human gastric mucosa cell line, and the AGS, BGC823
and HGC-27 GC cell lines were obtained from the Sun Yat-Sen
University Cancer Center (Guangzhou, China). All cells were
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium (HyClone; GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 10% fetal bovine serum (FBS;
HyClone; GE Healthcare Life Sciences) for 24 h in a humidi-
fied chamber at 37°C and 5% CO,.

Patients and tissue samples. A total of 4 fresh GC tissues and
paired noncancerous gastric mucosal tissues were collected
by gastrectomy from the Department of General Surgery
of the First Affiliated Hospital of Nanchang University. All
the fresh samples were immediately snap-frozen in liquid
and stored at -80°. Paraffin-embedded GC tissues (n=90)
and gastric normal tissues (n=60) were collected from the
Department of Pathology of the First Affiliated Hospital
of Nanchang University between 2007 and 2009. None of
these 90 patients with GC had received neoadjuvant chemo-
therapy or radiation therapy prior to surgery. The overall
survival (OS) of the patients with GC was defined as the
period between the date of surgery to the time at which the
patient succumbed to mortality from any cause, or the date
of the last follow-up if no event was documented. Tumor
stage was determined according to the 2010 American Joint
Committee on Cancer criteria (20). Histological differentia-
tion was based on World Health Organization criteria (21).
The detailed clinical information of the patients is summa-
rized in Table I.
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Immunohistochemistry.Thetissue samples were formalin-fixed
overnight and then paraffin-embedded at room temperature,
prior to being cut into 4-ym serial sections. The sections were
deparaffinized and rehydrated by incubation in 3% hydrogen
peroxide for 15 min at room temperature. Antigen retrieval
was performed by heating the sections in citrate buffer at
95°C for 1 h. The sections were then incubated with rabbit
anti-human polyclonal TRIM?24 antibody (1:200 dilution;
catalog no. , ab70560; Abcam, Cambridge, UK) or rabbit anti-
human monoclonal 3-catenin antibody (1:100 dilution; catalog
no. 8480; Cell Signaling Technology, Inc., Danvers, MA, USA)
in a humidified chamber overnight at 4°C. Following washing
three times with phosphate-buffered saline (PBS), the sections
were incubated at room temperature with a horseradish
peroxidase system and DAB substrate (Dako, Carpinteria, CA,
USA), followed by incubation with PBS containing diamino-
benzidine for 10 min at room temperature.

The tissue samples were examined by two investigators
who were blinded to the pathological information, and immu-
noreactivity was scored using the German Semi-Quantitative
method (22). For TRIM?24 staining, each specimen was scored
according to its staining intensity (0, none; 1, weak; 2, moderate;
3, strong) and the percentage of stained cells (0, 0%; 1, 1-24%;
2,25-49%; 3, 50-74%; 4, 75-100%). A final staining index (SI)
was calculated as the product of the intensity and percentage
scores, yielding a value between 0 and 12, which was classi-
fied as negative (-, 0-1), weak (+; 2-4), moderate (++; 6-8) or
strong (+++; 9-12). An SI =6 was considered a high expression
of TRIM24 and an SI<6 was considered a low expression of
TRIM24. For [(3-catenin, membrane or cytoplasmic staining
was considered negative, whereas nuclear expression was
considered positive. The scoring of TRIM24 and B-catenin
were evaluated independently by two board-certified clinical
pathologists blinded to the clinical parameters. Any discrep-
ancy between the scores assigned by the two investigators
was resolved by re-evaluation and careful discussion until a
consensus was reached.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA was extracted with TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and RNA concentration was measured using
spectrophotometry. cDNA was obtained using an EasyScript
First-Strand cDNA Synthesis Supermix kit (TransGen Biotech,
Inc., Beijing, China) and RT-qPCR analysis was performed
on an ABI Prism 7500 Sequence Detection system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using SYBR Green
gPCR Supermix-UDG with ROX (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
primers used for RT-qPCR analysis are listed in Table II. The
target gene expression levels were was normalized against that
of the housekeeping gene, glyceraldehyde-3-phosphate dehy-
drogenase, and calculated as 27(Catareetgene) - (CQGAPDH] 'ywhere Cq
is the quantification cycle for each transcript (23).

Western blot analysis. The cells and tissues samples were lysed
in radioimmunoprecipitaion assay buffer (Sigma-Aldrich;
Merck Millipore, Darmstadt, Germany) supplemented with
protease in inhibitor cocktail (Roche Diagnostics GmbH,
Mannheim, Germany). The protein concentration was
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Table I. Association between the expression of TRIM?24 and clinicopathological parameters of patients with gastric cancer.

Expression of TRIM24

Variable n Low High P-value

Age (years) 0.848
<60 50 21 29
=60 40 16 24

Gender 0.294
Male 55 25 30
Female 35 12 23

Tumor size (cm) 0.571
<5 47 18 29
=5 43 19 24

Tumor location 0.605
Proximal 32 12 20
Distal 58 25 33

Depth of invasion® 0.007¢
T,-T, 42 23 19
T5-T, 48 13 35

Differentiation 0.176
Well or moderately 41 20 21
Poor 49 17 32

Lauren classification 0.551
Intestinal type 34 13 21
Diffuse type 56 22 34

TNM stage* 0.005¢
I-II 43 27 16
I-1v 47 10 37

Lymph node metastasis 0.027°
N, 39 21 18
Ny 51 16 35

“Depth of tumor invasion and TNM stage according to the 2010 TNM Classification of Malignant Tumors by the International Union Against
Cancer; "P<0.05; °P<0.01. P-values determined using %> test. TRIM24, tripartite motif-containing 24; TNM, tumor node metastasis.

determined by Bradford method with bovine serum albumin
(BSA) as the standard. Equal quantities of protein (50 ug)
from each group were separated by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
onto a polyvinylidene difluoride membrane. Following incu-
bation in blocking buffer for 1 h at room temperature, the
membrane was incubated overnight at 4°C with the following
primary antibodies: Rabbit anti-human polyclonal TRIM?24
(1:1,000 dilution; catalog no. ab70560; Abcam), rabbit anti-
human monoclonal B-catenin (1:1,000 dilution; catalog
no. 8480; Cell Signaling Technology, Inc.), rabbit anti-human
monoclonal ¢c-Myc (1:1,000 dilution; catalog no. 5605; Cell
Signaling Technology, Inc.), rabbit anti-human monoclonal
cyclinD1 (1:1,000 dilution; catalog no. 2978; Cell Signaling
Technology, Inc.) and mouse anti-human monoclonal (3-actin
(1:2,000; catalog no. 8H10D10; Cell Signaling Technology,
Inc.). Following three washes in Tris-buffered saline with
0.1% Tween 20, the membrane was incubated with horseradish

peroxidase-labeled anti-rabbit or anti-mouse secondary
antibody (1:3,000 dilution; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) for 1 h at room temperature and developed
using a chemiluminescence detection system (Thermo Fisher
Scientific, Inc.).

Cell transfection. Small interfering RNAs (siRNAs)
targeting TRIM24 and negative control (NC) siRNA were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
China). The TRIM24 siRNA sequence was 5'-GCUGGA
CUCUCUAAACAAUTT-3". In vitro transient transfection
was performed using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. The cells were divided into three groups:
Blank, transfected with NC siRNA or transfected with
TRIM24 siRNA, and grown to 70-80% confluency prior
to transfection. TRIM?24-knockdown was confirmed using
RT-PCR and western blot analyses. To examine the effects
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Table II. Sequences of primers for reverse transcription-quan-
titative polymerase chain reaction analysis.

Gene Primer

TRIM24 Forward: 5'-CATATGCAGCAACAGCAACCG-3'
Reverse: 5'- GAAAGCCATCTGTAGGGGGT-3'
Forward: 5'-GGATCAAACCTGACAGCCA-3'
Reverse: 5'-GAAAACGCCATCACCACGTC-3'

[-catenin

cyclinD1  Forward: 5'-GATGCCAACCTCCTCAACGA-3'
Reverse: 5'-ACTTCTGTTCCTCGCAGACC-3'

c-Myc Forward: 5'-CCCTCCACTCGGAAGGACTA-3'
Reverse: 5'-GCGGTGCATTTTCGGTTGT-3'

GAPDH Forward: 5'-CATCACCATCTTCCAGGAGCG-3

Reverse: 5'-TGACCTTGCCCACAGCCTTG-3'

TRIM?24, tripartite motif-containing 24; GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase.

of TRIM24 on Wnt/B-catenin signaling, the NC-transfected
and TRIM?24 siRNA-transfected cells were incubated with
the Wnt/B-catenin signaling activator, lithium chloride (LiCl;
20 mmol/1) for 24 h.

Cell proliferation assay. An MTT assay was used to assess
cell proliferation, according to the manufacturer's protocol.
Briefly, the NC-transfected and TRIM24 siRNA-transfected
cells were seeded into 96-well plates at a density of 1x10? cells/
well. Following various durations (1-5 days), 20 ul MTT
(Sigma-Aldrich; Merck Millipore) was added to each well
and incubated at 37°C for 4 h; dimethyl sulfoxide (150 ul;
Sigma-Aldrich; Merck Millopore) was mixed into each well
for 10 min, and the absorbance at 490 nm was measured using
a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Each sample had four replicates.

Colony formation assay. The NC-transfected and TRIM24
siRNA-transfected MGC803 and HGC-27 cells (3x10% and
4x10%/well, respectively) were seeded in four 6-cm dishes and
cultured for 2 weeks. Colonies (>50 cells) were visualized
using 5% crystal violet staining and counted. The results are
reported as the average of three independent experiments.

Cell cycle and apoptosis analyses. The cells were collected
48 h following siRNA transfection, and cell cycle phase was
determined using flow cytometry (Beckman-Coulter, Inc.,
Fullerton, CA, USA). The NC-transfected and TRIM24
siRNA-transfected cells were washed in cold PBS and fixed
overnight in 1 ml of 70% ethanol. The following day, the
cells were collected, washed and stained with propidium
iodide (PI) for 30 min at 4°C. Apoptosis was quantified using
an Annexin V-Fluorescein Isothiocyanate Apoptosis Detec-
tion kit (Sigma-Aldrich; Merck Millipore) according to the
manufacturer's instructions. Briefly, 1x10° NC-transfected
and TRIM24 siRNA-transfected cells were collected 48 h
following transfection, washed twice in cold PBS, resuspended
in 500 ul binding buffer, incubated with Annexin V-PI for
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15 min at room temperature and analyzed using flow cytom-
etry.

Transwell migration and invasion assays. The cells were
seeded into 24-well Transwell plates with a pore size of 8 ym
(Corning Incorporated, Corning, NY, USA). The upper chamber
was either left uncoated for the migration assay or precoated
with Matrigel for the invasion assay. For the migration assay, the
MGC803 (6x10*) and HGC-27 (5x10%) cells were seeded into
the upper chamber; for the invasion assay, 1x10° MGC803 and
1x10° HGC-27 cells were seeded into the upper chamber, respec-
tively. The upper chamber was filled with RPMI 1640 medium
containing 10 g/l BSA (Sigma-Aldrich; Merck Millipore) and
the lower chamber was filled with RPMI 1640 containing 25%
FBS. Following incubation for 24 or 36 h at 37°C, the cells that
had invaded into the lower chamber were fixed with 4% para-
formaldehyde and stained with crystal violet for 1 h at room
temperature, and counted in five randomly-selected microscopic
fields. All these experiments were performed in triplicate.

Immunofluorescence. The cells were cultured in confocal
dishes and fixed in 4% paraformaldehyde for 20 min
washed three times with PBS and then permeabilized with
0.2% Triton X-100 for 10 min, all at room temperature.
Following blocking with 5% BSA at room temperature
for 2 h, the cells were incubated with rabbit anti-human
monoclonal anti-B-catenin antibody (1:200 dilution; catalog
no. 8480; Cell Signaling Technology, Inc.) overnight at 4°C.
Following washing in PBS three times, the cells were incu-
bated with appropriate Alexa Fluor 488-conjugated secondary
antibodies (1:500 dilution; catalog no. ab150077; Abcam)
for 1 h at room temperature, and then counterstained with
4',6-diamidino-2-phenylindole for 10 min. Fluorescence
images were captured using laser confocal microscopy.

Statistical analysis. Data were analyzed using paired t-tests to
compare quantitative variables. Differences in the expression
of TRIM?24 between tumor and normal tissues were compared
using the Mann-Whitney U test. %> tests were used to assess
the correlation between the expression of TRIM24 and clini-
copathological characteristics. Survival curves were plotted
using the Kaplan-Meier method, and OS rates were compared
using the log-rank test. All analyses were performed using
SPSS version 18.0 software (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

TRIM?24 is overexpressed in GC cell lines and tissues. To
investigate the role of TRIM24 in the progression of GC,
the present study examined the protein levels of TRIM24 in
five human GC cell lines (AGS, BGC823, MGC803, HGC-27
and SGC7901) and one normal gastric cell line (GES-1).
TRIM24 was expressed in all cell GC lines, being particularly
high in the MGC803 and HGC-27 cells, and low in the AGS
cells, compared with the level in the GES-1 cells (Fig. 1A).
The expression of TRIM24 was then randomly detected in
four pairs of GC tissues and adjacent non-tumor tissues, it
was found that the expression of TRIM24 was higher in the



ONCOLOGY LETTERS 13: 1797-1806, 2017

1801

B

Case #1
T N
TRIM24 gl =

Case#2 Case#3 Case®#
T N T N T N
-_--_---—-

B_acﬁn . R am—— e =

cancer tissues

A
N
& o oq;ib O%Q)‘b o:{'\ C}QQ
& & FE f
TRIM24 — o — — D —
B-actin e G c— — ——
C
Normal tissues
R—
¥
>
o
o
o™
x
Qo
Q
¢
D
1Bz
@ 10 4 ]
)
O 8 J
w
3] —
= 44
o
= 2
od L 1

normal tissues  cancer tissues

5‘3"‘1"&"

E
1.0 4 — Low TRIM24 (37)
— High TRIM24 (53)
= T 0.8 1
2 06
£ w
= 044
SB
“ % 921 b0t
O =u.
DIO L T T T T L
0O 20 40 60 80

months after surgery

Figure 1. TRIM24 is upregulated in GC cell lines and primary human GC tissues. (A) Western blot analysis of the expression of TRIM24 in five GC cell
lines and the GES-1 normal immortal gastric cell line. (B) Western blot analysis of the expression of TRIM24 in four paired primary GC and adjacent
non-cancerous tissue samples from the same patient. (C) Expression of TRIM24 in human GC (+, ++ and +++) and normal gastric tissues, visualized
using immunohistochemistry (magnification, x100). (D) Expression scores of TRIM24 are shown as box plots, with horizontal lines indicating the median.
(E) Kaplan-Meier survival curves of patients with GC stratified by low (n=37) and high (n=53) expression levels of TRIM24 (P=0.01). TRIM24, tripartite
motif-containing 24; GC, gastric cancer; T, tumor tissue; N, non-cancerous tissue.

tumor tissues, compared with the adjacent non-tumor tissues
(Fig. 1B). The present study subsequently performed immu-
nohistochemistry on 60 normal gastric tissues and 90 primary
GC tumor tissues to detect the expression levels of TRIM?24.
It was found that TRIM24 was expressed in the nuclei of the
tumor cells, whereas the normal tissues exhibited negative or
weak nuclear staining (Fig. 1C). A significant upregulation in
the expression of TRIM24 was observed in 58.9% (53/90) of
the GC tissues, compared with the normal tissues, and this
difference was statistically significant (P<0.001; Fig. 1D).

The present study investigated the association between the
expression of TRIM24 and the clinicopathological features of
GC (Table I). A high expression level of TRIM24 was corre-
lated with depth of invasion (P=0.007), tumor-node-metastasis

(TNM) stage (P=0.005) and lymph node metastasis (P=0.027).
However, no correlations were found between the expression
of TRIM24 and other variables, including age (P=0.848),
gender (P=0.294), tumor size (P=0.571), location (P=0.605),
tumor differentiation (P=0.176) or Lauren classification
(P=0.551). Kaplan-Meier analysis revealed that OS rates were
lower in patients with high levels of TRIM?24, compared with
those with low levels (P=0.010; Fig. 1E; log-rank test). These
data indicated that TRIM24 was overexpressed in GC cell
lines and tissues, which was associated with a more malignant
phenotype and poorer prognosis in patients with GC.

Knockdown of TRIM24 inhibits proliferation and induces
apoptosis of GC cells. To investigate the function of TRIM24
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Figure 2. Knockdown of TRIM24 inhibits GC cell proliferation and induces apoptosis. (A) TRIM24 knockdown in MGC803 and HGC-27 cells, evaluated
using western blot analysis. -actin was a loading control. (B) mRNA expression of TRIM?24 transfected with NC or TRIM24 siRNA, normalized against
GAPDH. (C) Viability of cells transfected with NC or TRIM24 siRNA, determined using an MTT assay. (D) Growth of cells transfected with NC or TRIM24
siRNA, determined with a colony formation assay. (E) Flow cytometric analysis of cell cycle in GC cells transfected with NC or TRIM24 siRNA.. (F) Apoptosis
of GC cells, determined using flow cytometry. Data are shown as the mean + standard deviation of three independent experiments. ‘P<0.05; “P<0.01. TRIM24,
tripartite motif-containing 24; GC, gastric cancer; siRNA, small interfering RNA; NC, negative control; OD, optical density; FITC, fluorescein isothiocyanate.
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in GC, the present study evaluated the effects of TRIM?24
knockdown on the proliferation and apoptosis of MGC803
and HGC-27 cells. The mRNA and protein levels of TRIM24
were decreased following transfection with TRIM?24 siRNA
(Fig. 2A and B). TRIM24 knockdown inhibited proliferation,
as determined using the MTT and colony formation assays
(Fig. 2C and D). Flow cytometric analysis revealed a decrease
in the percentage of cells in the S phase and an increase
in the percentages of G1/GO phase cells, suggesting that
TRIM24 knockdown induced G1/S arrest (Fig. 2E). More-
over, TRIM24 knockdown increased early apoptosis in the
MGCS803 (10.4%) and HGC-27 (14.2%) cells, compared with
the control MGC803 (4.2%) and HGC-27 (6%) cells (Fig. 2F).
These results indicated that TRIM24 had an oncogenic role
in the GC cells.

Knockdown of TRIM24 suppresses GC cell migration and
invasion. As the expression of TRIM24 was correlated with
Ilymph node metastasis, the present study performed Tran-
swell migration and invasion assays to evaluate the role of
TRIM24 in these processes. TRIM24 knockdown inhibited
the migration and invasion of MGC803 and HGC-27 cells,
compared with the control cells (Fig. 3A and B), demon-
strating that TRIM24 promoted GC cell migration and
invasion.

TRIM?24 regulates the Wnt/(3-catenin signaling pathway.
Aberrant activation of the Wnt/B-catenin signaling report-
edly contributes to the development and progression of
GC (2,24). Therefore, the present study examined the asso-
ciation between the expression of TRIM24 and B-catenin
in patients with GC. It was found that f-catenin was

accumulated predominantly in the nuclei of the GC cells,
and a higher level of TRIM24 was associated with elevated
nuclear expression of B-catenin (Fig. 4A). To further inves-
tigate the correlation between TRIM24 and (-catenin,
immunohistochemical analysis was used to detect the
expression of TRIM24 and B-catenin in the same sample.
Correlation analysis revealed that TRIM24 was positively
associated with the nuclear expression of P-catenin;
[-catenin positive staining was observed in 43 of the high
TRIM24-expressing tumors, but only in nine of the low
TRIM?24-expressing tumors (P<0.001; r=0.566; Fig. 4B).

To clarify the role of Wnt/p-catenin signaling in the
TRIM24-mediated progression of GC, the present study
examined the expression levels of downstream genes in
the Wnt/B-catenin signaling pathway following TRIM24
knockdown using RT-qPCR and western blot analyses. The
knockdown of TRIM24 resulted in the downregulation of
[B-catenin, cyclinD1 and c-Myc at the mRNA and protein levels
(Fig. 4C and D). Furthermore, TRIM24 knockdown signifi-
cantly reduced nuclear [3-catenin accumulation in MGC803 and
HGC-27 cells, compared with the control groups, as detected
using immunofluorescent staining (Fig. 4E), indicating that the
knockdown of TRIM24 inhibited the Wnt/B-catenin pathway
through preventing the nuclear translocation of B-catenin.

To further confirm the above findings, LiCl, which
inhibits GSK-3p activity, was used to activate Wnt/B-catenin
signaling in GC cells. LiCl treatment induced the upregula-
tion of B-catenin, cyclinDI and c-Myc, and also abrogated the
effects of TRIM24 knockdown on the Wnt/B-catenin pathway
(Fig. 4F). These data suggested that TRIM24 functioned as a
positive regulator of Wnt/f3-catenin signaling, which conse-
quently resulted in an aggressive phenotype in GC.
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Figure 4. TRIM24 regulates the Wnt/B-catenin signaling pathway. (A) Representative images of GC tissues showing concordant positive staining of TRIM24
and f3-catenin in the same sample. (B) Quantitative analysis of expression levles of TRIM24 and f-catenin in 90 GC samples. (C) mRNA expression levels
of TRIM24, p-catenin, c-Myc and cyclinD1 in GC cells transfected with NC or TRIM24 siRNA were analyzed using reverse transcription-quantitative
polymerase chain reaction analysis, with GAPDH used as an internal control. (D) Protein expression levels of TRIM24, 3-catenin, c-Myc and cyclinDI in GC
cells transfected with NC or TRIM24 siRNA, as determined using western blot analysis. $-actin was used as internal loading control. (E) Immunofluorescence
staining of subcellular localization of f-catenin in cells. (F) Protein levels of TRIM24, f3-catenin, c-Myc and cyclinD1 in GC cells transfected with NC
or TRIM24 siRNA (+/- 20 mmol/l1 LiCl for 24 h), using western blot analysis. Data are presented as the mean + standard deviation of three independent
experiments.*P<0.05; “P<0.01. TRIM24, tripartite motif-containing 24; GC, gastric cancer; siRNA, small interfering RNA; NC, negative control.

Discussion

In the present study, it was demonstrated that TRIM24 was
overexpressed in GC cells and tissues, and its high expression
was correlated with tumor invasion, advanced TNM stage,
lymph node metastasis and shorter survival rates. Through
functional investigations, it was found that the downregula-
tion of TRIM24 suppressed cell proliferation, migration and
invasion, delayed cell cycle progression and induced apop-
tosis. Furthermore, a positive correlation was found between
the expression of TRIM24 and f-catenin in GC tissues, and
TRIM?24 exerted its oncogenic effects by positively regulating
the Wnt/B-catenin signaling pathway.

Previous studies have shown that TRIM24 is an oncogene,
focused on promoting tumor growth, migration and metastasis.
The overexpression of TRIM24 has been reported in several
types of human tumor, and has been associated with increased

malignant behavior and poor prognosis in cancer, including
hepatocellular carcinoma (19), breast cancer (25), head and
neck squamous cell carcinoma (26), glioma (27) non-small cell
lung cancer (28) and bladder cancer (29). In the present study,
the immunohistochemical analysis showed that TRIM24 was
significantly overexpressed in GC tissues. A high expression
level of TRIM24 was closely associated with the depth of
invasion, advanced TNM stage and increased lymph node
metastasis, indicating that TRIM24 functioned as an oncogene
to promote the invasion, metastasis and progression of GC.
However, no correlation was detected between TRIM?24 and
tumor differentiation or Lauren classification, which suggested
that TRIM24 may not be involved in GC differentiation. The
finding that high expression levels of TRIM24 were associated
with poor survival rates suggested that TRIM24 was critical
in the pathogenesis and development of GC and may serve as
a prognostic biomarker.
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Previous studies investigated the role of TRIM24 in
the progression of tumorigenesis and the mechanisms by
which TRIM24 exerts its oncogenic functions. It has been
reported that the downregulation of TRIM?24 results in the
inhibition of cell proliferation combined with a significant
enhancement of apoptosis through the modulation of B cell
lymphoma-2, caspase 3 and poly (ADP-ribose) polymerase
in colorectal cancer cells (30). TRIM24 binds to the phos-
phoinositide 3-kinase (PI3K) promoter to activate PI3K/Akt
signaling, leading to the upregulation of downstream targets,
including nuclear factor-kB, and the induction of cell prolif-
eration and chemoresistance (27). In addition, TRIM24 has
been reported to interact with p53 and control the level of
phosphorylated p53 in an autoregulatory feedback loop (31).
The previous studies, demonstrated that TRIM24 can modify
cell proliferation, migration, invasion and apoptosis. These
findings, in addition to the observations of the present study,
demonstrated how TRIM24 promotes the malignant behavior
of cancer cells.

The aberrant activation of Wnt/f-catenin signaling is
associated with tumorigenesis in GC. Of note, the present
study found that TRIM24 and nuclear -catenin were often
concomitantly overexpressed in GC tissues, suggesting a
regulatory role for TRIM24 in -catenin signaling. This was
also supported by the observation that TRIM24 knockdown
decreased the expression levels of the Wnt/f3-catenin target
genes, B-catenin, cyclinD1 and c-Myc. CyclinDI is overex-
pressed in several types of cancer and serves as a regulator
of cell cycle progression through the G1/S checkpoint (32-34).
c-Myc is a nuclear phosphoprotein, which regulates the cell
cycle and apoptosis (35). Thus, the inhibition of cell prolif-
eration and enhancement of apoptosis resulting from TRIM24
knockdown may be partly due to the downregulation of
cyclinD1 and c-Myc. The Wnt/pB-catenin pathway is funda-
mental in the epithelial-mesenchymal transition (EMT), an
important step in oncogenic transformation, which includes
cell invasion and metastasis (36-38). The nuclear translocation
of B-catenin leads to the downregulation of E-cadherin and
subsequent induction of EMT (39), whereas the upregulation
of B-catenin is associated with the invasion and metastasis of
several types of solid tumor (40-42). A previous study found
that TRIM24 knockdown decreased the levels of EMT-asso-
ciated factors in hepatocellular carcinoma. The findings of
the present study showed that TRIM24 promoted GC cell
migration and invasion, and was associated with translocation
of B-catenin to the nucleus. This functional analysis suggested
that TRIM?24 was a crucial factor involved in multiple aspects
of the progression of GC.

A previous study reported that TRIM24 may serve as
a predictor of survival rates in patients with GC, and that
TRIM24 enhances cell proliferation and chemoresistance
via Akt signaling activation (43). However, the present study
confirmed the critical role of TRIM24 in cell cycle progres-
sion, apoptosis and invasion. In addition, the present study
was the first, to the best of our knowledge to demonstrate
that TRIM24 activated Wnt/B-catenin signaling, which also
provided novel support for activation of the Wnt/B-catenin
pathway in GC. However, the precise mechanism between
TRIM24 and f3-catenin remains to be elucidated. Ubiquiti-
nation, microRNA dysregulation and DNA methylation all
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contribute to dysregulation of the Wnt/p-catenin pathway in
several tumor types (44-46). Therefore, additional studies are
required to elucidate the mechanistic basis of how TRIM24
interacts with [3-catenin in GC.

In conclusion, the present study demonstrated that TRIM24
was upregulated in human GC cells and tissues, and its over-
expression was closely associated with increased malignancy
and poor prognosis. Furthermore, the functional and mecha-
nistic investigations of TRIM24 performed in the present
study indicated that TRIM24 may be important in the control
of GC aggressiveness, partly by activating the Wnt/p-catenin
pathway. These findings identified TRIM24 as a potential
therapeutic biomarker for patients with GC and demonstrated
its importance in activation of the Wnt/B-catenin pathway
during the progression of GC.
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