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Overexpression of G3BP1 facilitates the progression
of colon cancer by activating f3-catenin signaling
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Abstract.Ras-GTPase-activating protein SH3 domain-binding
protein 1 (G3BP1) has been reported to be of importance in
the occurrence and development of colon cancer. However, the
underlying mechanisms remain largely unknown. Therefore,
the aim of the present study was to investigate the role of
Wnt/B-catenin signaling in G3BP1-mediated colon cancer
progression. The expression of G3BP1 in colon tissues and
cells was detected via reverse transcription-quantitative PCR,
western blotting and immunohistochemistry. Gain-of-function
assays were performed in colon cancer RKO cells, which have
a relatively low expression of G3BP1, while loss-of-function
assays were performed in SW620 colon cancer cells, which
have a relatively high expression of G3BP1. Cell proliferation,
apoptosis and tumorigenesis were assessed using Cell Counting
Kit-8, flow cytometry and tumor-bearing mice assays, respec-
tively. The results demonstrated that G3BP1 expression was
significantly upregulated in colon cancer tissues and cells
compared with healthy colon tissues and cells. It was found
that high expression of G3BP1 was closely associated with
the poor prognosis and advanced clinical process in patients
with colon cancer. Overexpression of G3BP1 in RKO cells
enhanced their proliferative ability and decreased their apop-
tosis tendency, while knockdown of G3BP1 inhibited SW620
cell proliferation and induced apoptosis. In addition, G3BP1
interacted with B-catenin and upregulated its expression and
nuclear accumulation. It was identified that [3-catenin knock-
down abolished the effects of G3BP1 on the enhancement of
cell proliferation in vitro and tumor formation in vivo, as well
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as the inhibition of cell apoptosis. In conclusion, the present
study demonstrated that G3BP1 promoted the progression of
colon cancer by activating f-catenin signaling, which provided
novel evidence for the role of G3BP1 in colon cancer.

Introduction

Colon cancer, which occurs in digestive system, is one of the
most common types of malignant cancer and is the second
cause of cancer-associated mortality worldwide, causing
~600,000 cases of mortality per year (1). It is reported that
>1.4 million people are diagnosed with this disease in the
USA, and an additional 134,490 cases are diagnosed annually
in the USA (2). Although great progress has been achieved
in multimodality therapy, patients with colon cancer at an
advanced stage still have poor outcomes. For instance, it has
been reported that >90% of patients with colon cancer at
stage I can survival for =5 years, but this is declined to ~10%
in patients with stage IV colon cancer (3). Dysregulated genes
serve a crucial role in the progression of colon cancer, but
there are numerous unidentified genes or known genes whose
functions are yet to be elucidated in colon cancer (4).
Ras-GTPase-activating protein SH3 domain-binding
proteins (G3BPs) are a class of RNA-binding proteins and
contain two homologous proteins (G3BP1 and G3BP2) (5). All
G3BPs include a RNA recognition motif, and have been iden-
tified to exert both mRNA-stabilizing and mRNA-degrading
roles (6,7). Although both G3BP1 and G3BP2 are reported
to be involved in carcinogenesis (8), G3BP1 appears to have
been studied more extensively. For example, Zheng et al (9)
revealed that elevated expression of G3BP1 predicted poor
prognosis in patients with non-small cell lung cancer after
surgical resection. Furthermore, Winslow et al (10) compared
the effects of G3BP1 and G3BP2 on breast cancer progres-
sion, and the results indicated that G3BP1 to a larger extent
than G3BP2 influenced mRNA expression levels of peripheral
myelin protein 22 (PMP22), a gene regulated by G3BP1 and
that potentially mediates G3BP1 effects on cell proliferation
enhancement. G3BP1 has been demonstrated to be involved in
multiple biological processes, including RNA metabolism (11),
cell proliferation (12), apoptosis (13), motility and invasion (7).
Moreover, G3BP1 upregulation has been frequently observed
in several type of cancer, such as breast cancer (14),
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gastric cancer (15), lung cancer (16) and colon cancer (17).
Zhang et al (18) reported that knockdown of G3BPs (G3BP1
and G3BP2) significantly inhibited the proliferation of colon
cancer HCT116 cells and improved sensitivity to cisplatin, as
well as weakened cell tumorigenesis, suggesting that G3BP1
serves a crucial role in the progression of colon cancer.
However, the mechanisms via which G3BP1 facilitates colon
cancer progression and the clinical values of G3BP1 require
further investigation.

Previous studies have revealed that aberration of the
Wnt/B-catenin signaling pathway significantly contributes
to the malignant transformation of colon cancer (19,20).
Inhibition of Wnt/B-catenin is suggested to be an anti-tumor
mechanism in colon cancer (21). In the absence of Wnt, the
phosphoprotein scaffold Dishevelled3 (Dsh3) promotes the
destabilization of f-catenin 1 mRNA (22). The f-catenin
protein is controlled by a protein complex that consists of axis
inhibitor (Axin), adenomatous polyposis coil (APC), casein
kinase lo and glycogen synthase kinase 3[, and is confined
in the cytoplasm (22). However, 3-catenin is increased in
cytoplasm and eventually translocates into the nucleus once
Whnt signaling is activated, inducing the transcription of
target genes, including c-myc, a cell proliferation-associated
gene (21). G3BP1 has been identified to be a Dsh-associated
protein that is methylated in response to Wnt3a and nega-
tively regulates f-catenin expression (23). However, the role
of Wnt/B-catenin signaling in G3BP1-mediated colon cancer
progression remains unknown.

The aim of the present study was to investigate whether
G3BP1 promoted the progression of colon cancer by regulating
the Wnt/p-catenin signaling pathway, which could further
reveal the role of G3BP1 in colon cancer and help to identify
novel targets for colon cancer treatment.

Materials and methods

Colon tissue specimens. All primary colon cancer tissues
and matched healthy colon tissues (=3.5 cm from the cancer
tissue) were obtained from 92 patients (age range, 38-73 years;
50 male and 42 female patients) with colon cancer who
received a colectomy between January 2010 and January 2017
in The Affiliated Hospital of Southwest Medical University.
All patients signed the informed consent forms and received
colectomy as the first treatment method. The fresh tissues were
immediately immersed in liquid nitrogen and stored at -80°C
until further analysis.

Experiments involving human samples were performed
in accordance with the Declaration of Helsinki and were
approved by The Ethical Committee of The Affiliated Hospital
of Southwest Medical University.

Immunohistochemistry (IHC). For IHC, routine three-step
procedures were performed as previously described (24) with
a primary antibody against G3BP1 (cat. no. ab56574; Abcam).
Tissue samples were fixed in 10% neutral formalin for 2 days
at room temperature and embedded in paraffin, after which
4-um sections were cut and mounted onto slides. Slides were
incubated at 56°C, deparaffinized in xylene and dehydrated in
a graded series of alcohol. Heat-induced antigen retrieval was
carried out with sodium citrate (pH 6.7) in a pressure-cooker for
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30 min. Following washing with PBS, the slides were blocked
with PBS + 5% goat serum for 1 h at room temperature, then
and incubated overnight at 4°C with primary antibody against
G3BP1 at adilution of 1:150. Next,a HRP-conjugated secondary
antibody (cat. no. ab5879; Abcam) was added for 30 min at
room temperature. The staining was examined under a light
microscope (Olympus Corporation; magnification, x100).

The expression of G3BP1 was determined by three pathol-
ogists in a blinded manner by multiplying the staining extent
and intensity scores. The extent of positively stained cells was
scored as: 1) 0 for 0-5%; ii) 1 for 6-25%; iii) 2 for 26-50%; iv) 3
for 51-75%; and v) 4 for 76-100%. The staining intensity was
scored as: i) O for negative staining; ii) 1 for weak staining;
iii) 2 for moderate staining; iv) and 3 for strong staining. A
total score of lower or equal to the average score calculated
from all samples was defined as low G3BPlexpression, and
high expression otherwise.

Cell culture. A normal human intestinal epithelial cell (HIEC)
line, and the colon cancer cell lines SW620, LoVo, RKO,
COLO 205 and HCT116 were obtained from the Cell Bank
of the Chinese Academy of Sciences. HIECs were cultured
in medium containing 90% DMEM-H (Thermo Fisher
Scientific, Inc.) and 10% FBS (HyClone; Cytiva). LoVo cells
were cultured in F-12K medium (Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS. RKO cells were cultured
in 90% Eagle's Minimum Essential Medium (Thermo Fisher
Scientific) and 10% FBS. SW620, HCT116 and COLO 205
cells were cultured in RPMI-1640 (Thermo Fisher Scientific,
Inc.) medium containing 10% FBS. All cells were maintained
in a 5% CO, atmosphere at 37°C.

Alteration of gene expression. To overexpress G3BPI,
colon cancer cells were infected with the lentivirus vector
(Vector-G3BP1; Shanghai GenePharma Co., Ltd.) using 5 pg/ml
polybrene (Hanbio Biotechnology Co., Ltd.) with an MOI of 10,
and the infected cells were incubated with G401 (100 ug/ml) for
14 days at 37°C to establish the stably infected cells.

To silence p-catenin expression, colon cancer cells were
infected with the lentivirus vector [short hairpin RNA
(sh)-p-catenin; OriGene Technologies, Inc.] and puromycin
(100 ug/ml) was applied to select the stably infected cells
at 37°C for 14 days.

To knockdown G3BP1 expression, colon cancer cells were
transfected with the small interfering (si)RNAs targeting
G3BP1 (si-G3BP1; OriGene Technologies, Inc.) using
Lipofectamine® 2000 reagent (Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. The sequences
were as follows: i) si-G3BP1-1, 5'-CCACACCAAGATTCG
CCAT-3';ii) si-G3BP1-2,5-GGAGATTCATGCAAACGTT-3
iii) si-G3BP1-3: 5'-GGAGGAGTCTGAAGAAGAA-3'"; and
iv) si-NC: 5-CCAAACCTTAGCGCACCAT-3". Vector-NC,
sh-NC and si-NC (OriGene Technologies, Inc.) were used
as the negative controls for Vector-G3BP1, sh-f-catenin and
si-G3BP1, respectively. After 48 h of transfection/infection,
the cells were collected for subsequent experiments.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from snap-frozen tissues or cultured
cells using TRIzol® reagent (Takara Biotechnology Co., Ltd.)
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based on the manufacturer's instructions. The obtained RNA
samples were quantitated using a NanoDrop 2000 system
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.)
and identified using 2% agarose gel electrophoresis. Next,
the first-strand cDNA was synthesized with random primers
(Beijing Solarbio Science & Technology Co., Ltd.) using the
High-Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific, Inc.), and RT-qPCR was performed with a
SuperScript® ITI One-Step RT-PCR system with Platinum Taq
Mix (Thermo Fisher Scientific, Inc.), according to the manu-
facturer's instructions. Reaction conditions were as follows:
1) 94°C for 5 min; ii) 40 amplification cycles at 94°C for 30 sec,
57°C for 30 sec and 72°C for 30 sec; and iii) 72°C for 5 min.
The mRNA expression of GAPDH was used as the endog-
enous control. The mRNA levels were calculated by using the
2-244¢4 method (25). The following primers were used: G3BP1
forward, 5'-CAGCCGCGTAGGTTGAATTG-3' and reverse,
5'-AGAGAGAAGCCCCATCACCT-3"; GAPDH forward,
5'-CCACTAGGCGCTCACTGTTCTC-3' and reverse, 5'-ACT
CCGACCTTCACCTTCCC-3.

Western blotting. Total proteins extracted from cells and
colon tissues were obtained using RIPA lysis buffer (Beijing
Solarbio Science & Technology Co., Ltd.) according to the
manufacturer's instructions. The nuclear and cytoplasmic
protein samples were isolated from cells using a Nuclear and
Cytoplasmic Protein Extraction kit (Beyotime Institute of
Biotechnology) following the manufacturer's instructions. A
total of 30 ug proteins from different groups were subjected to
10% SDS-PAGE and separated at 85 V for 30 min and 120 V for
90 min, which were then transferred onto PVDF membranes
(Thermo Fisher Scientific, Inc.). After being blocked with 5%
non-fat milk for 1 h at room temperature, the membranes were
incubated with the primary antibodies, including anti-G3BP1
(cat. no. ab56574; Abcam), Axin (cat. no. ab32197; Abcam),
[-catenin (cat. no. MA1-300; Thermo Fisher Scientific, Inc.),
Frizzled (Frz; cat. no. AF1617; R&D Systems, Inc.), Dsh
(cat. no. TA300981; OriGene Technologies, Inc.), TCF/LEF
transcription factor family (TCF; cat. no. 9383; Cell Signaling
Technology, Inc.), c-myc (cat. no. M4439; Sigma-Aldrich;
Merck KGaA), APC (cat. no. ab15270; Abcam), Lamin Bl
(cat. no. ab16048; Abcam) and GAPDH (cat. no. 60004-1-Ig;
‘Wuhan Sanying Biotechnology) overnight at4°C. The following
day, the membranes were washed four times (8 min each time)
with TBS-Tween-20 [1% (v/v)] and incubated with horseradish
peroxidase (HRP)-conjugated secondary antibodies (1:10,000
dilution; cat. nos. SAO0001-1 and SA00001-2; Wuhan Sanying
Biotechnology) at room temperature for 1 h. The protein bands
were visualized with using a chemiluminescent HRP substrate
(EMD Millipore). ImagelJ software (version 1.48; National
Institutes of Health) was used to assess the relative expression
levels of proteins.

Co-immunoprecipitation (Co-IP). The interaction between
G3BP1 and (-catenin proteins was assessed using a Co-IP
assay. SW620 and RKO cells infected with Vector-G3BP1 or
Vector-negative control (NC) were rinsed with cold PBS and
lysed in IP lysis buffer, followed by centrifugation at 10,000 x g
at 4°C for 30 min. Then, 200 pg proteins from each sample
were incubated with Dynabeads® protein G (Thermo Fisher
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Scientific, Lnc.) for 1 h at room temprature, and incubated with
2 ug of anti-G3BP1 (cat.no.ab181150; Abcam) or anti-f3-catenin
(cat. no. abl6051; Abcam) antibody overnight at 4°C. Anti-IgG
antibody (cat. no. ab182931) was used as a negative control.
This was followed by incubation with Dynabeads® protein G
for another 1 h at room temperature. Subsequently, the
immunocomplex was washed five times with IP lysis buffer
(Thermo Fisher Scientific, Inc.) and then subjected to western
blot analysis with anti-B-catenin (cat. no. MA1-300; Thermo
Fisher Scientific, Inc.) or anti-G3BP1 (cat. no. ab56574;
Abcam) antibodies at 1:2,000 dilution.

Cell proliferation and apoptosis detection. SW620 and
RKO cells in the logarithmic phase with lentivirus infection,
siRNA transfection or without were seeded into 96-well plates
at 3,000 cells/well density and cultured at 37°C. Cell prolifera-
tion was tested using the Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.) and the absorbance at the wave-
length of 450 nm was measured according to the manufacturer's
instructions after 1, 2, 3,4 or 5 days of cell inoculation.

Apoptotic rates (the percentage of early- and late-apoptotic
cells) were measured in SW620 and RKO cells with Ienti-
virus infection, siRNA transfection or without using the
Annexin V-FITC Apoptosis Detection kit I (BD Biosciences)
and assessed by flow cytometry. The cells were suspended in
1X binding buffer and incubated with 5 1 Annexin V-FITC
and 5 pl PI in the dark for 10 min. Cell apoptotic rates were
detected on a BD FACSCanto II instrument (BD Biosciences)
and analyzed using FlowJo 7.6 software (FlowJo LLC).

Mouse xenografts of human colon cancer cells. Mouse
xenografts assays were used to evaluate the effect of G3BP1
and P-catenin on cell tumorigenesis, and were performed as
previously reported (26). A total of 30 male nude mice (weight,
12-14 g; age, 4-6 weeks) were purchased from Experimental
Animal Center of The Fourth Military Medical University. The
mice were fed with common feed and sterile water ad libitum,
and housed in 22+1°C with 55+1% humidity and a 12 h
light/dark cycles. Athymic nude mice assays were conducted
in accordance with the Institutional principles for the concern
and use of animals, and the protocol was approved by the
ethical committee of The Affiliated Hospital of Southwest
Medical University.

SW620 and RKO cells were stably infected with Vector-NC,
Vector-G3BP1 and Vector-G3BP1 + sh-f3-catenin (MOI, 10).
Then, a total of 5x10° cells were resuspended in PBS and
injected subcutaneously into the flanks of nude mice (n=10 in
each group). The animal health and behavior were monitored
every 3 days. Mice were euthanized via cervical dislocation
and the tumors were removed 28 days after injection. However,
the mice were also sacrificed when the tumor diameter was
>1.8 cm. The mice were considered to be dead when the heart
and breathing stopped. The largest tumor size was ~2 cm® and
the largest tumor diameter was ~1.2 cm.

Statistical analysis. Data from =3 separate experiments are
presented as the mean + SD. P<0.05 was considered to indicate
a statistically significant difference. Data were analyzed using
an unpaired or a paired (Fig. 1A and B) two-tailed Student's
t-test for two groups, or one way ANOVA followed by Tukey's
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Figure 1. G3BP1 expression was upregulated in colon cancer cells and tissues. (A) Total RNA was extracted from colon cancer tissues and the adjacent healthy
colon tissues, and reverse transcription-quantitative PCR was performed to detect G3BP1 mRNA expression (n=20). (B) G3BP1 protein expression in colon
cancer tissues and healthy colon tissues was detected using western blotting (n=20). “P<0.05 vs. healthy tissue group. (C) IHC was used to evaluate the different
expression patterns of G3BP1 in colon cancer tissues and healthy colon tissues. A representative image of each group is provided (n=20). Scale bar, 100 ym.
(D) G3BP1 protein expression in healthy HIECs and colon cancer cell lines was detected via western blotting. “P<0.05 vs. HIEC group. Data from three
independent assays are presented as the mean + SD. (E) Kaplan-Meier analysis of the overall survival rates in patients with colon cancer with G3BP1 high or
low expression. IHC, immunohistochemistry; G3BP1, Ras-GTPase-activating protein SH3 domain-binding protein 1; HIEC, human intestinal epithelial cell.

post hoc test for multiple groups with SPSS 21.0 software (IBM
Corp.). A x* test was used to compare the differences in age, sex,
vascular invasion, lymph node invasion, differentiation status
and TNM stage between patients with G3BP1 high expression
or low expression (Table I). The relationship between G3BP1
expression levels and patient overall survival was assessed by
using Kaplan-Meier analysis with log rank tests.

Results

G3BPI is upregulated in colon cancer tissue specimens and
cells. To further examine the mechanism of G3BP1 in the
carcinogenesis of colon cancer, its expression profile was
assessed in colon cancer tissues and paired para-carcinoma
healthy tissues. Increased expression of G3BP1 at both mRNA
(Fig. 1A) and protein (Fig. 1B and C) levels was observed in
colon cancer tissues compared with healthy tissues. In addi-
tion, G3BP1 expression patterns were evaluated in colon
cancer cells and healthy colon cells using western blotting. The
results demonstrated that G3BP1 protein expression in SW620,
RKO, LoVo, COLO 205 and HCT 116 cells was significantly
increased compared with HIECs, with RKO demonstrating
the lowest, and SW620 having the highest expression levels
among these colon cancer cell lines (Fig. 1D). These findings
indicated that G3BP1 expression was upregulated in colon
cancer tissues and cells.

High expression of G3BPI is closely associated with
malignant characterization and poor prognosis in colon
cancer. Subsequently, the clinical value of G3BP1 expression

in colon cancer was evaluated using Kaplan-Meier curves to
determine the overall survival. In addition, a %> test was used
to analyze the association between G3BP1 expression and
the clinicopathologic features in patients with colon cancer.
Patients with high G3BP1 expression (n=29) had shorter
overall survival time compared with patients with low G3BP1
expression (n=63) (Fig. 1E). In addition, G3BP1 expression
demonstrated a significant positive association with the inci-
dence rates of vascular invasion and lymph node invasion, as
well as differentiation status and TNM stage (Table I). These
results suggested that G3BP1 may serve as a marker for the
diagnosis and prognosis prediction in patients with colon
cancer.

G3BPI overexpression induces a malignant phenotype of
colon cancer cells. As SW620 cells demonstrated the highest
expression of G3BP1 and RKO cells presented with the lowest,
G3BP1 was knocked down in SW620 cells and overexpressed
in RKO cells. Among the three siRNAs targeting G3BP1 gene,
si-3 displayed the highest knockdown efficiency in SW620
cells (Fig. 2A), and Vector-G3BP1 significantly enhanced
G3BP1 expression in RKO cells (Fig. 2B).

Knockdown of G3BP1 in SW620 cells significantly
inhibited the cell proliferative ability (Fig. 2C), while over-
expression of G3BP1 in RKO cells significantly enhanced
proliferation compared with their corresponding NCs
(Fig. 2D). In addition, knockdown of G3BP1 in SW620 cells
induced apoptosis (Fig. 2E), and overexpression of G3BP1 in
RKO cells decreased apoptosis (Fig. 2F). Thus, these results
indicated that G3BP1 served as an oncogene in colon cancer.
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Table I. Association between clinicopathological characteristics and G3BP1 expression in 92 patients with colorectal cancer.

G3BP1 expression

Characteristics Total no. patients Low (n=63) High (n=29) P-value

Age, years 0.541
<60 55 39 16
>60 37 24 13

Sex 0.732
Male 50 35 15
Female 42 28 14

Vascular invasion 0.032
No 70 52 18
Yes 22 11 11

Lymph node invasion 0.013
Absent 61 47 14
Present 31 16 15

Differentiation status 0.033
High 66 42 24
Low 26 21 5

TNM stage 0.044
I-11 72 53 19
II-1v 20 10 10

G3BP1, Ras-GTPase-activating protein SH3 domain-binding protein 1.
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Figure 2. G3BP1 overexpression promotes cell proliferation and inhibits cell apoptosis in colon cancer. SW620 cells were transfected with si-G3BP1 or si-NC,
while RKO cells were infected with Vector-G3BP1 or Vector-NC. G3BP1 protein expression was determined using western blotting in (A) transfected SW620
cells and (B) infected RKO cells. Effects of altered G3BP1 expression on (C) SW620 and (D) RKO cell proliferation were assessed with a Cell Counting
Kit-8 assay. Effects of altered G3BP1 expression on cell apoptosis was assessed using FACS assay in (E) transfected SW620 cells and (F) infected RKO cells.
Data from three independent assays are presented as the mean = SD. “P<0.05 vs. si-NC or Vector-NC groups. G3BP1, Ras-GTPase-activating protein SH3
domain-binding protein 1; siRNA, small interfering RNA; NC, negative control.
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Figure 3. G3BP1 activates 3-catenin in colon cancer cells. SW620 and RKO cells were transfected with Vector-NC or Vector-G3BP1 and the following assays
were performed. Protein expression levels of Frz, Dsh, TCF, APC, Axin, c-myc and [3-catenin were detected via western blotting after 48 h of transfection in
(A) SW620 and (B) RKO cells. Cell nuclear and cytoplasm proteins were extracted for western blot analysis to detect $-catenin levels in nuclear (Lamin B1 was
used as an internal reference for nuclear protein) and cytoplasmic fractions (GAPDH was used as an internal reference for cytoplasm protein) in (C) SW620
and (D) RKO cells. Interaction between G3BP1 and B-catenin was determined using a co-IP assay in (E) SW620 and (F) RKO cells. Data from three
independent assays are presented as the mean x SD. “P<0.05 vs. Vector-NC group. co-IP, co-immunoprecipitation; G3BP1, Ras-GTPase-activating protein
SH3 domain-binding protein 1; NC, negative control; Frz, Frizzled; Dsh, Dishevelled; TCF, transcription factor; Axin, axis inhibitor; APC, adenomatous

polyposis coil.

Overexpression of G3BPI translocates (3-catenin into nucleus
of colon cancer cells. To investigate whether Wnt/f3-catenin
signaling is involved in G3BPl-mediated colon cancer
progression, a series of assays were conducted to assess the
association between Wnt/B-catenin signaling and G3BPI1. The
western blotting results identified that G3BP1 overexpression
could significantly increase the expression levels of [3-catenin
and c-myc, whereas it had no notable effect on the expression
levels of Frz, Dsh, APC, Axin and TCF in SW620 (Fig. 3A)
and RKO cells (Fig. 3B). Moreover, G3BP1 overexpression
significantly facilitated the translocation of 3-catenin protein
from the cytoplasm to the nucleus (Fig. 3C and D). The co-IP
assay results also demonstrated that G3BP1 could directly
or indirectly bind to p-catenin, and the overexpression of
G3BP1 markedly enhanced their interaction (Fig. 3E and F).
Therefore, it was suggested that G3BP1 overexpression could
induce the activation of B-catenin signaling.

G3BPI facilitates the progression of colon cancer by
upregulating ff-catenin. Finally, the role of f-catenin
in G3BPl-mediated cell proliferation enhancement and
apoptosis suppression in colon cancer was assessed. The
expression of [3-catenin was significantly decreased following
cell transfection with si-B-catenin in both SW620 and RKO
cells compared with the si-NC group (Fig. 4A and B). It was

found that overexpression of G3BP1 significantly enhanced
B-catenin expression, but this tendency was significantly
rescued by sh-f-catenin infection in SW620 and RKO cells
(Fig. 4C and D). Moreover, knockdown of -catenin weak-
ened the role of G3BP1 in cell proliferation enhancement
(Fig. 4E and F) and cell apoptosis inhibition (Fig. 4G and H).
The results also demonstrated that G3BP1 overexpression
significantly enhanced the tumorigenesis of SW620 and RKO
cells, whereas this effect was abolished when [-catenin was
stably knocked down (Fig. 5A and B). Collectively, the results
indicated that G3BP1 facilitated the progression of colon
cancer in a -catenin-dependent manner.

Discussion

Identification and investigation of dysregulated genes are
important to understand the pathogenesis of cancer types and
for evaluating novel therapeutic targets. Although G3BP1 has
been reported to be upregulated in colon cancer, and it has been
shown that knockdown of G3BP1 significantly inhibits cell
proliferation and improves the chemosensitivity of HCT116
cells (18), the clinical significance and mechanisms of G3BP1
in colon cancer development remain largely unknown.

In the present study, it was identified that G3BP1 was
significantly upregulated in colon cancer tissues and cells, and
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Figure 4. Knockdown of -catenin abolishes the effect of G3BP1 on cell proliferation and apoptosis. SW620 and RKO cells were transfected with Vector-NC,
Vector-G3BP1 and Vector-G3BP1 + sh-f3-catenin, then the following assays were performed. Protein expression of 3-catenin was detected using western blot-
ting after 48 h of transfection in (A) SW620 and (B) RKO cells. Cells were harvested for western blotting to measure (3-catenin protein expression after 48 h of
transfection in (C) SW620 and (D) RKO cells. Cell Counting Kit-8 assays were performed for five consecutive days to detect proliferation in (E) SW620 and
(F) RKO cells. (G) SW620 and (H) RKO cells were collected for FACS to detect cell apoptosis after 48 h cell transfection. Data from three independent assays
are presented as the mean = SD. "P<0.05 vs. Vector-NC group; "P<0.05 vs. Vector-G3BP1 group. G3BP1, Ras-GTPase-activating protein SH3 domain-binding
protein 1; NC, negative control; siRNA, small interfering RNA.
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Figure 5. Knockdown of 3-catenin abolishes the effect of G3BP1 on cell tumorigenesis improvement. (A) SW620 and (B) RKO cells were stably transfected with
Vector-NC, Vector-G3BP1 and Vector-G3BP1 + sh-$-catenin, and these were injected into nude mice. Tumor average weights from each group are presented as
the mean + SD (n=5) "P<0.05 vs. Vector-NC group; *P<0.05 vs. Vector-G3BP1 group. G3BP1, Ras-GTPase-activating protein SH3 domain-binding protein 1;
NC, negative control; shRNA, short hairpin RNA.

that high expression of G3BP1 was closely associated with
vascular invasion, lymph node invasion, the differentiation
status and TNM stage of colon cancer, as well as predicted

a poor prognosis. These findings indicated a crucial value
of G3BP1 in predicting the clinic process and outcome of
patients with colon cancer. In line with the current results,
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Dou et al (27) revealed that G3BP1 was upregulated in
hepatocellular carcinoma (HCC), and its high expression was
significantly associated with the poor prognosis of patients
with HCC. Furthermore, Min et al (15) observed that G3BP1
was upregulated in gastric cancer at the protein level, and that
the G3BP1 expression pattern was positively correlated with
tumor size, TNM stage, vascular invasion and lymph node
metastasis, but negatively associated with the overall survival
of patients. However, it has also been reported that G3BP1
expression is decreased in gastric cancer, and is significantly
associated with age and disease stage, but demonstrates
no significant correlation with cancer metastasis in gastric
cancer (28). Therefore, different sources of tissue samples may
influence the varying roles of G3BP1 in carcinogenesis.

G3BP1 is an important marker of stress granules (SG) and
is induced by several stress factors, such as chemotherapy,
heat shock and hypoxia (29). The formation of SG can protect
cells from apoptosis by inhibiting the stress-responsive
MAPK pathways (30). Moreover, G3BP1 serves an important
role in the regulation of a variety of growth-related signaling
pathways, including NF-«B, Ras and PI3K signaling path-
ways and the ubiquitin proteasome system (31-34). G3BP1
also negatively modulates p53 expression (35), a tumor
suppressive gene found in multiple tumor types, including
colon cancer (36). Thus, G3BP1 may be implicated in
carcinogenesis. Previous studies have reported that G3BP1
significantly promotes the progression of several types of
cancer. For instance, Winslow et al (10) revealed that G3BP1
was an important factor for breast cancer cell proliferation,
and knockdown of G3BP1 significantly inhibited cell prolif-
eration by upregulating PMP22. In addition, knockdown of
G3BP1 prevents SG formation and tumor invasion, as well
as lung metastasis in mouse sarcoma xenografts models (37).
It has also been shown that G3BP1 knockdown significantly
inhibits the metastasis capacity of HCC cells in vitro and
in vivo (27). In the present study, it was identified that G3BP1
overexpression could significantly enhanced the proliferation
and tumorigenesis of colon cancer cells and decreased cell
apoptosis, indicating that G3BP1 functioned as an oncogene
in colon cancer progression.

While it has been reported that the Wnt/p-catenin signaling
pathway serves an important role in the progression of colon
cancer (19,20), the mechanism underlying its hyperactivation is
not fully understood. In the current study, it was demonstrated
that the increased expression levels of B-catenin and c-myc
proteins, together with the nuclear accumulation of (3-catenin
protein, could be induced by G3BP1 overexpression, with no
notable change in the expression levels of Frz, Dsh, TCF, Axin
and APC. In addition, it was identified that the G3BP1 protein
combined with B-catenin protein. These results suggest that
G3BPI can activate B-catenin signaling. However, by contrast,
G3BP1 has been revealed to exert an mRNA-degrading role in
regulating B-catenin in response to Wnt3a in totipotent mouse
embryonic F9 cells (23), which may be caused by the different
cell contents. Guitard et al (17) reported that the expression
patterns of G3BPs and c-myc proteins (c-mycl and c-myc2)
were similar in human head and neck tumors, which further
indicates that G3BPs are involved in c-myc mRNA stabiliza-
tion, thereby facilitating cell proliferation (32). Similarly, the
present results suggested that G3BP1 positively regulated

LI et al: G3BP1 FACILITATES COLON CANCER PROGRESSION

the expression of c-myc protein, and this may be associated
with the stability of c-myc mRNA. It was identified that the
enhancements in cell proliferation and tumorigenesis, as well
as the decreases in cell apoptosis induced by G3BP1 overex-
pression were significantly rescued by p-catenin knockdown,
suggesting that G3BP1 facilitated colon cancer via activating
[-catenin signaling.

In conclusion, the present study demonstrated that G3BP1
was upregulated in colon cancer, and the high expression of
G3BP1 predicted malignant clinical process and poor outcome
in patients with colon cancer. Mechanically, overexpression of
G3BP1 promoted the progression of colon cancer by activating
[B-catenin signaling. Collectively, the present study provides
a novel understanding of the roles of G3BP1 in colon cancer
progression.
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