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B-arrestin2 promotes 5-FU-induced apoptosis via
the NF-kB pathway in colorectal cancer
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Abstract. It has been demonstrated that B-arrestin2 is
involved in the initiation and development of many types of
cancers. However, its role in colorectal cancer (CRC) remains
poorly understood. The present study investigated the role
of B-arrestin2 in CRC using CRC patient tissues as well as
the LoVo and HCT116 CRC cell lines. Briefly, significantly
higher expression of [3-arrestin2 was observed in CRC tissues
compared with normal colon tissues. In addition, the down-
regulation of p-arrestin2 reduced 5-FU-induced apoptosis
in the LoVo cells, while the overexpression of (3-arrestin2
increased the apoptosis of HCT116 cells in vitro. Furthermore,
the downregulation of -arrestin2 reduced the expression of
the pro-apoptotic proteins cleaved-caspase-3 and Bax, and
increased the expression of the anti-apoptotic protein Bcl-2
after 5-FU treatment. In addition, the expression of p-p65
was increased after the P-arrestin2 downregulation and was
decreased after the B-arrestin2 overexpression. However,
B-arrestin2 downregulation had no effect on the prolif-
eration, migration and invasion capacity of the LoVo cells. In
conclusion, these results indicated that (3-arrestin2 promoted
5-FU-induced CRC cell apoptosis via the NF-kB pathway and
may be used as a prognosis marker for CRC.
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Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy and one of the leading causes of cancer-related deaths
worldwide (1-3). The global burden of CRC is increasing and
is likely to persist until the year 2035 and beyond (4). With the
introduction of CRC screening, more and more patients benefit
from the early detection of precancerous lesions. However,
despite the developments in colonoscopy as well as in treat-
ment, the therapeutic effect of CRC remains unsatisfactory.
The main obstacles in CRC therapy are metastasis and drug
resistance. Therefore, understanding the molecular mecha-
nism of CRC is important for the development of an effective
therapy.

B-arrestinl and PB-arrestin2 belong to the nonvisual
[B-arrestins and are ubiquitous proteins. B-arrestins are multi-
functional proteins and are well-known for their classical
role in the G protein-coupled receptor (GPCR) desensitiza-
tion, sequestration and internalization (5,6). Furthermore,
[B-arrestins are scaffold proteins that can interact with many
other signaling molecules and regulate cellular responses,
such as proliferation, migration and invasion as well as apop-
tosis (7,8). B-arrestins play an important role in physiological
and pathological conditions.

Numerous studies have demonstrated that (-arrestin2
is abnormally expressed in many types of cancer, including
breast, lung, castration-resistant prostate and hepatocellular
cancer (9,10). B-arrestin2 is essential for the tumorigenesis
of chronic myelogenous leukemia and colon cancer (11,12). It
contributes to the proliferation of castration-resistant prostate
cancer but inhibits lung cancer growth (13,14). It also decreases
metastasis of hepatocellular cancer, but promotes breast
cancer migration and invasion (15,16). Above all, $-arrestin2
is involved in the tumorigenesis and progression of cancer in
multifunctional ways.

Bonnans et al (12) demonstrated that B-arrestin2 is
required for the initiation of colon cancer through the elevated
Wt pathway in vivo and in vitro (12). Nonetheless, the expres-
sion and clinicopathological significance of f-arrestin2 in
CRC have not been reported. Liu ef al (17) demonstrated that
B-arrestin2 deficiency protracts the activation of the NF-xB
pathway and suppresses radiation-induced intestinal crypt
progenitor cell apoptosis (17). However, the role of B-arrestin2
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in chemo-induced colon epithelial cell apoptosis remains to
be explored. The aim of this study was to investigate the role
of B-arrestin2 in CRC and CRC cell apoptosis. To assess the
expression and clinical significance of p-arrestin2 in CRC,
CRC tissues were analyzed. Immunohistochemistry assay
demonstrated that -arrestin2 was overexpressed in CRC
tissues compared with normal tissues, although its high expres-
sion was not related with the clinicopathological features.
Furthermore, $-arrestin2 downregulation did not alter the cell
proliferation rate, migration and invasion capacity in vitro,
although, the data indicated that (3-arrestin2 downregulation
inhibited the 5-FU-induced CRC cell apoptosis, reduced
the expression of cleaved-caspase-3 and Bax and increased
the expression of Bcl-2. In addition, B-arrestin2 overexpres-
sion increased the apoptosis rate of CRC cells stimulated by
5-FU. The p-p65 expression increased following [-arrestin2
downregulation and decreased following (-arrestin2 overex-
pression. Collectively, these data indicated that B-arrestin2
played a critical role in CRC and contributed to CRC cell
apoptosis via the NF-«xB signaling pathway.

Materials and methods

Patient tissue. From April 2009 to February 2016, 59 primary
CRC samples (41 cases) and normal colon tissues (18 cases)
were collected at the Peking University People's Hospital
(Beijing, China). The CRC group consisted of 20 women and
21 men aged between 48-88 years. The control group consisted
of adjacent non-cancerous mucosa tissue from 12 CRC patients
and adjacent non-inflammation mucosa tissue from 6 inflam-
mation bowel disease patients. CRC diagnosis was confirmed
by 2 pathologists. Patients who received chemotherapy and
radiotherapy prior to surgery were not enrolled in this study.
The present study was approved by the Human Ethics Review
Board of the Peking University People's Hospital (Beijing,
China). All patients obtained informed consent to donate
their tissue samples and clinical information for research, and
written consent was given from all the patients.

Cell lines. The human colon cancer cell lines LoVo and
HCT116 were obtained from the American Type Culture
Collection (Manassas, VA, USA). The cells were cultured
in DMEM medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (Thermo Fisher
Scientific, Inc.) in a humidified atmosphere containing 5%
CO, and 95% air at 37°C.

Immunohistochemistry assay. Paraffin sections were deparaf-
finized in xylene and hydrated in alcohol gradient. The slides
were incubated with 3% H,O, for 10 min. Antigen retrieval
was performed at 95°C for 20 min in sodium citrate solution
(Solarbio Science and Technology, Beijing, China). The slides
were blocked with 5% bovine serum albumin (BSA) for 1 h and
incubated with rabbit anti-f3-arrestin2 monoclonal antibody
(1:200; cat. no. 3857; Cell Signaling Technology, Inc., Danvers,
MA, USA) at 4°C overnight. After being washed with PBS,
the slides were incubated with anti-rabbit horseradish peroxi-
dase-conjugated secondary antibody (1:1,000; cat. no. ZB2301;
ZSGB-BIO, Beijing, China) for 1 h at room temperature. After
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washing with PBS, the DAB solution was used to visualize
[(-arrestin2 expression and then the nuclei were stained with
hematoxylin. PBS were used as a negative control. Data were
analyzed on an Olympus microscope (Olympus Inc., Tokyo,
Japan) by two independent single-blinded pathologists.

Five random fields were selected for scoring under x200
magnification. The scoring was performed based on staining
scope: 1 (0-25%); 2 (25-50%); 3 (50-75%); and 4 (75-100%).
The staining intensity was also divided into 4 levels: 0, nega-
tive; 1, weakly positive (light yellow); 2, moderately positive
(yellow brown); 3, strongly positive (dark brown). The expres-
sion score was calculated as follows: Staining scope X intensity.
Scores =4 reflected positive expression, while those below
4 represented negative expression (18).

Cell transfection. Small interfering RNA (siRNA) was synthe-
sized by GenePharm Co. (Suzhou, Jiangsu, China). The target
sequences for B-arrestin2 were as follows: 5'-CGUAGACUU
UGAGAUUCGATT-3!, B-arrestin2-siRNA-1; 5'-CUCAAC
UCGAACAAGAUGATT-3', p-arrestin2-siRNA-2; 5'-CCA
ACCUCAUUGAAUUUGATT-3, p-arrestin2-siRNA-3. The
sequence of unrelated siRNA was 5'-UUCUCCGAACGUGUC
ACGUTT-3' (NC-siRNA). The full length of -arrestin2 were
cloned into pCMV vector in frame with GFP (Sino Biological,
Beijing, China). The cells were seeded in proper dishes and
transfected at 70% confluency. In 6-cell culture cluster, the
transfection was conducted with siRNAs (100 nmol/well) or
plasmids (2,500 ng/well) using Lipofectamine 3000 (5 pl/well)
according to the manufacturer's instructions (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Quantitative real-time PCR. Real-time PCR was used to
detect gene silencing expression of (3-arrestin2. Total RNA
was isolated using the RNA Isolation kit (Omega Bio-Tek,
Inc., Norcross, GA, USA) and complementary DNA (cDNA)
was synthesized using a ReverTra Ace qPCR RT kit (Toyobo
Life Science, Osaka, Japan), according to the manufac-
turer's instructions. Real-time PCR was performed using
SYBR-Green Mix kit (cat. no. 4385612; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and Applied Biosystems
ABI 7500 system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The thermal cycling conditions for RT-PCR
were as follows: Denaturation at 95°C for 2 min, followed by
40 cycles of denaturation 95°C for 30 sec, annealing at 60°C for
30 sec and extension at 72°C for 45 sec. The prime sequences
for each gene were as follows: B-arrestin2 sense, TCCATG
CTCCGTCACACTG and antisense, ACAGAAGGCTCG
AATCTCAAAG (length=82 bp); GAPDH sense, GTCTCC
TCTGACTTCAACAGCG and antisense, ACCACCCTGTTG
CTGTAGCCAA (length=131 bp). The data were calculated
using the 224 method and GAPDH was the reference gene.

Western blot analysis. Total proteins were prepared from the
cell lines after 48 h transfection and stimulation with 5-FU.
Briefly, cells were washed twice with ice-cold PBS and lysed
in RIPA lysis buffer (containing 25 mM Tris-HCI pH 7.6,
150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS, 1 mM phenylmethylsulfonyl fluoride and 1% protease
inhibitor cocktails) for 20 min on ice. Samples were then
centrifuged at 13,400 x g for 20 min. The supernatant was
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collected and the protein concentration was determined by
BCA protein assay (Pierce Chemical, Rockford, IL, USA). The
supernatants were added appropriate volume 5X SDS-PAGE
loading buffer (Applygen Technologies Inc., Beijing, China)
and incubated at 100°C for 5 min. Equal amounts of protein
were separated by 10% SDS-PAGE and then transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore;
Merck KGaA, Darmstadt, Germany). The membranes were
blocked with 5% non-fat dry milk in TBS for 2 h and then
incubated with mouse anti-B-arrestin2 monoclonal antibody
(1:500; cat. no. ab54790; Abcam, Cambridge, MA, USA),
rabbit anti-Bax polyclonal antibody (1:500; cat. no. sc-526;
Santa Cruz Biotechnology, Inc., Dallas, Texas, USA) and
mouse anti-Bcl-2 monoclonal antibody (1:500; cat. no. sc-7382;
Santa Cruz Biotechnology), rabbit anti-cleaved-caspase-3
monoclonal antibody (cat. no. SA1E; Cell Signaling
Technology, Inc.) and rabbit anti-p-p65 monoclonal antibody
(cat. no. 3033P; Cell Signaling Technology, Inc.) and rabbit
anti-GAPDH polyclonal antibody (1:1,000; cat. no. AF0911;
Abmart, Shanghai, China) at 4°C overnight. The membranes
were washed with TBST and incubated with the appropriate
horseradish peroxidase-conjugated second antibodies (cat.
nos. ZB2305 and ZB2301; ZSGB-BIO) for 1 h at room temper-
ature. Proteins were visualized by enhanced ECL detection
kit (Pierce Chemical). Band intensities were analyzed using
the ImagelJ analysis software (National Institutes of Health,
Bethesda, MD, USA).

Cell proliferation assay. Cell proliferation was conducted
using the Cell Counting Kit-8 (CCK-8; Dojindo, Tokyo,
Japan). Forty-eight hours after transfection with siRNA,
equal amounts of cells (3x10* cells/well) were seeded in a
96-well plate and cultured in the medium supplemented
with 10% FBS at indicated time-points. Every 24 h, 10 ul of
CCK-8 were added and the cells were incubated for 3 h in the
humidified incubator that contained 5% CO, at 37°C. Relative
proliferation was obtained by scanning with an ELISA reader
with a 450-nm filter.

Migration and invasion assay. Cell migration and invasion
were analyzed using a Boyden chamber (Corning Costar,
Rochester, NY, USA) with a gelatin-coated polycarbonate
membrane filter (6.5 mm diameter, 8§ gm pore size). For the
invasion assay the upper surface of the filter was coated
with 20 ul Matrigel (BD Biosciences, Bedford, MA, USA) at
37°C for 1 h. After being transfected with siRNA for 48 h,
the cells were trypsinized and resuspended with 1% FBS
culture medium at a final density of 5x10° cells/ml. Cell
suspension (200 ul) was added to the upper chamber, and 10%
FBS culture medium was added to the lower chamber as a
chemoattractant. The cells were incubated in the humidified
incubator that contained 5% CO, at 37°C. After 24 h, the upper
surface of the filter was scrubbed with a cotton swab and then
the non-migrated or non-invaded cells were removed. The
cells at the lower surface of the chamber were fixed with 4%
paraformaldehyde for 30 min. After being washed twice with
PBS, migration or invasion cells were stained with 0.5% (w/v)
crystal violet for 15 min. Cells were then counted using a light
microscope (Olympus Inc.). Five random fields were selected
for cell counting under x100 magnification.
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Table I. The expression of -arrestin2 in colon epithelial cells
of normal colon mucosal tissue and colorectal cancer tissue.

Group Positive Negative P-value
Normal colon mucosal tissue 5 13 0.043
Colorectal cancer tissue 25 16

Caspase-3 activity assay. Caspase-3 activity kit (Beyotime
Institute of Biotechnology, Haimen, Jiangsu, China) was used
to estimate the caspase-3 activity according to the manufac-
turer's instructions. After being transfected with siRNA, LoVo
cells were stimulated with 5-FU for 48 h and then the cells
were collected for the caspase-3 activity assay. Briefly, the cells
were trypsinized and washed with cold PBS. Subsequently, the
cells were resuspended in lysis buffer (2x10° cells/100 pl) and
were shaken on ice for 15 min. Cell lysis was then centrifuged
at 13,400 x g and 4°C for 20 min. The supernatants were
collected and the protein concentrations were determined by
Bradford protein assay (Beyotime Institute of Biotechnology).
Protein supernatants (50 pl), 40 ul reaction buffer and 10 pl
caspase-3 substrate (Ac-DEVD-pNA, 2 mM) were added to
the 96-well microtiter plates and then incubated at 37°C for
4 h. Caspase-3 activity was quantified using a microplate
reader at an absorbance of 405 nm and then was demonstrated
as a percentage of enzyme activity compared to the negative
control group.

Terminal deoxynucleotidyl transferase-mediated deoxy-
uridine triphosphate nick end labeling (TUNEL) assay.
Nucleosomal DNA fragmentation was determined by TUNEL
assay using an in situ Apoptosis Detection kit (KeyGen
Biotech. Co., Ltd., Nanjing, Jiangsu, China) according to the
manufacturer's instructions. After being transfected with
[(-arrestin2 overexpression plasmid, the HCT116 cells were
stimulated with 5-FU for 48 h and then cells were collected for
the TUNEL assay. The cells were fixed with 4% paraformal-
dehyde for 30 min at 4°C and washed three times with PBS.
The fixed cells were then incubated in PBS containing 1%
Triton X-100 for 15 min at room temperature. Subsequently,
cells were incubated with 3% H,0,-methanol for 15 min at
room temperature. TdT enzyme solution (10 ul) was added into
the samples and incubated for 1 h at 37°Cin the dark, and then
with 10 pul streptavidin-HRP for 30 min, at 37°C in the dark.
DAB solution was used to visualize DNA fragmentation. The
nucleus was stained with hematoxylin. Data were analyzed on
an Olympus microscope. Five random fields were selected for
counting the apoptosis rate under x100 magnification.

Statistical analysis. Statistical analyses were performed
using the SPSS software version 19.0 (IBM Corp., Armonk,
NY, USA). Chi-square test was used to analyze the correla-
tion between [-arrestin2 expression and clinicopathological
characteristics. Data were presented as the mean + SE. Group
differences were determined by one-way ANOVA and
Student's t-test. P-values <0.05 were considered to indicate
statistically significant differences.
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Figure 1. The expression of -arrestin2 in colon epithelial cells of normal colon and CRC tissue (magnification, x200). (A) Negative expression of $-arrestin2
in colon epithelial cells of normal colon tissue. (B) Stromal expression of 3-arrestin2 in normal colon tissue. (C) Positive cytoplasmic expression of 3-arrestin2

in CRC tissue. (D) Positive nucleus expression of -arrestin2 in CRC tissue.

Results

Increased expression of 3-arrestin2 is observed in CRC tissues
compared to healthy colon tissues. Immunohistochemistry
was used to detect the expression of B-arrestin2 in CRC
and normal colon tissues. Forty-one CRC and 18 healthy
tissues were isolated. Significantly higher expression of
[B-arrestin2 protein was observed in CRC tissues compared
to healthy tissues (P<0.05; Fig. 1; Table I). The positive rate
of B-arrestin2 expression in CRC was 60.98% (25/41), while
it was 27.78% (5/18) in the healthy tissues. Furthermore,
B-arrestin2 was mainly expressed in the cytoplasm and
nucleus (Fig. 1C and D). In summary, these data indicated
that (3-arrestin2 has an important role in the initiation and
development of CRC. However, no correlation between
[B-arrestin2 expression in CRC and clinicopathological char-
acteristics, including TNM stage, tumor volume and CEA was
found (Table II).

p-arrestin2 downregulation has no effect on LoVo cell
proliferation, migration and invasion. To explore the role of
[B-arrestin2 in colon cancer biological behavior (proliferation,
invasion and migration) in vitro, f-arrestin2 was down-
regulated in LoVo cells (B-arrestin2-siRNA group). Reduced
B-arrestin2 expression was confirmed by RT-PCR and
western blot analysis (Fig. 2). Notably, no significant differ-
ence in cell viability was observed between the NC group and
B-arrestin2-siRNA group (Fig. 3), indicating that -arrestin2
downregulation was not associated with cell proliferation.

To determine the effect of f-arrestin2 on cell migration
and invasion, Transwell assay was performed. No significant
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Figure 2. The examination of B-arrestin2 of human colon cancer LoVo cells
following transfection with -arrestin2-siRNA. (A) The impact of B-arrestin2
siRNA on B-arrestin2 mRNA expression (““P<0.001, "P<0.05). (B) Reduced
B-arrestin2 expression was confirmed by western blot analysis. (C) The
impact of B-arrestin2 siRNA on f-arrestin2 protein expression (“P<0.01,
“P<0.05). Data are expressed as the mean + standard deviation (n=3).
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Table II. The correlation between the expression of -arrestin2 and patient clinicopathological characteristics.

[-arrestin2

Clinicopathological characteristics Cases Positive Positive ratio P-value

Sex
Male 21 14 0.67 >0.05
Female 20 11 0.55

Age (years)
=60 31 20 0.65 >0.05
<60 10 5 0.5

Clinical stage
I+II 20 12 0.6 >0.05
I+1v 21 15 0.71

Histopathological type
Mucoid adenocarcinoma 6 5 0.83 >0.05
Non-mucoid adenocarcinoma 35 22 0.63

pT
pT1-3 20 15 0.75 >0.05
pT4 21 12 0.57

pN
pNO 20 12 0.6 >0.05
pN1-2 21 15 0.71

pM
pMO 33 22 0.67 >0.05
pM1-2 8 5 0.63

Lymph node metastasis
Negative 22 12 0.55 >0.05
Positive 19 13 0.68

Liver metastasis
Negative 36 24 0.67 >0.05
Positive 5 3 0.6

Peritoneal dissemination
Negative 37 25 0.68 >0.05
Positive 4 2 0.5

Grade
Well-moderate 28 15 0.54 >0.05
Poor 13 10 0.77

Tumor volume (mm)
<50 20 12 0.6 >0.05
=50 21 13 0.62

General type
Non-ulcerative type 15 10 0.67 >0.05
Ulcerative type 26 17 0.65

CEA
=10 13 8 0.62 >0.05
<10 28 17 0.61

difference in cell migration and invasion between the NC  vs. 183.25+76.61, P>0.05) (Fig. 4). These results demonstrated
group and [-arrestin2-siRNA group was observed (migration,  that [3-arrestin2 downregulation was not associated with cell
137.86+44.29 vs. 140.78+39.06,P>0.05; invasion, 184.34+£79.26  invasion and migration.
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Figure 3. The proliferation rate of human colon cancer LoVo cells following
transfection with f-arrestin2-siRNA. Data are expressed as the mean + stan-
dard deviation (n=3).

p-arrestin2 downregulation inhibits the 5-FU-induced CRC
cell apoptosis. 5-FU was selected to induce apoptosis of
LoVo colon cancer cells in vitro. CCK-8 assay was used to
determine the cell viability pre- and post- treatment. In the
NC group, no increase in caspase-3 activity was observed by
increasing 5-FU concentration, while, after treatment with
0.02 ymol/ml 5-FU, decreased caspase-3 expression was
observed in the B-arrestin2-siRNA group compared with the
NC group (15.614+3.781 vs. 8.133+1.173, P<0.05) (Fig. 5).

To further confirm our results, we detected the apoptotic
protein by western blot analysis. In the NC group, the pro-apop-
totic protein Bax and cleaved-caspase-3 were increased, while
the anti-apoptotic protein Bcl-2 was decreased after stimula-
tion with 0.02 gmol/ml 5-FU compared with the untreated
group (0 ymol/ml 5-FU) (Fig. 6, P<0.05). Furthermore, the
opposite effect was observed in the f-arrestin2-siRNA group
after stimulation with 0.02 gmol/ml 5-FU. Cleaved-caspase-3
and Bax were significantly decreased, while Bcl-2 was
increased in the B-arrestin2-siRNA group compared to NC
group (Fig. 6, P<0.05).
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Figure 5. The 5-FU induced apoptosis of human colon cancer LoVo cells
following transfection with siRNA. (A) The IC;, of 5-FU for LoVo cells as
determined by CCK-8 assay. (B) Cell apoptosis as determined by caspase-3
activity ("P<0.05). Data are expressed as the mean = standard deviation (n=3).

Altogether, the above mentioned data indicated that
B-arrestin2 downregulation inhibited the 5-FU-induced CRC
cell apoptosis, by reducing the expression of the pro-apoptotic
proteins cleaved-caspase-3 and Bax.

fB-arrestin2 overexpressionenhancesapoptosisafterS-FUtreat-
ment. In the present study we explored the effect of f-arrestin2
overexpression on apoptosis after 5-FU treatment. The human
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Figure 4. The migration and invasion cell numbers of human colon cancer LoVo cells following transfection with siRNA (magnification, x100). (A) The
migration of the LoVo human colon cancer cell line after transfection with negative control siRNA. (B) The migration of LoVo cells after transfection
with B-arrestin2 siRNA. (C) The number of migrated cells was quantified and is shown in a column graph. (D) Invasion image of the LoVo cells following
transfection with negative control siRNA. (E) Invasion image of human colon cancer LoVo cells after transfection with -arrestin2 siRNA. (F) The number of
invaded cells was quantified and is shown in a column graph. Data are expressed as the mean + standard deviation (n=3).
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group following stimulation with 5-FU. (A) Pro-apoptotic protein Bax, anti-apoptotic protein Bcl-2 and cleaved-caspase-3 protein expression as determined
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deviation (n=3).
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image as determined by TUNEL assay between the GFP control group and the f-arrestin2 overexpression group (magnification, x100). (B) The apoptotic
proportion was quantified and displayed in a column graph. (C) The protein examination of 3-arrestin2 overexpression: 1 represents the GFP control group;
2 represents the 24 h protein expression after transfection with the f-arrestin2 overexpression plasmid; 3 represents the 48 h protein expression after transfec-
tion with the B-arrestin2 overexpression plasmid (““P<0.001; -arrestin2 overexpression group, 0 vs. 0.02 gmol/ml, “P<0.001; 0.02 vs. 0.1 gmol/ml, #P<0.001).
Data are expressed as the mean + standard deviation (n=3).

significantly after f-arrestin2 overexpression (Fig. 7A and B),
indicating that the overexpression of f-arrestin2 plays an
important part in cell apoptosis.

colon cancer cell line HCT116 was selected for the B-arrestin2
overexpression experiment. Briefly, apoptosis of HCT116
cells increased with the concentration of 5-FU and enhanced
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Figure 8. The p-p65 expression of human colon cancer cells following stimu-
lation with 5-FU. (A) The 5-FU-induced p-p65 expression of NC group and
B-arrestin2 siRNA group demonstrated by western blot analysis. (B) The
5-FU-induced p-p65 expression of GFP group and f3-arrestin2 overexpres-
sion group demonstrated by western blot analysis.
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Figure 9. The expression of B-arrestin2 of human colon cancer LoVo cells
stimulated with 5-FU. (A) The B-arrestin2 expression of human colon
cancer LoVo cells stimulated with 5-FU demonstrated by western blot
analysis. (B) The p-arrestin2 expression was quantified and displayed in
a column graph ("P<0.05, “"P<0.01, ""P<0.001). Data are expressed as the
mean + standard deviation (n=3).

B-arrestin2 inhibits the expression of p-p65. It has been
proved that the NF-kB activation is associated with the
development of chemoresistance to 5-FU in colon and breast
cancer cells. In addition, [3-arrestin2 is a negative element for
the NF-kB activity. Therefore, we questioned whether the
effect of B-arrestin2 on apoptosis depends on NF-kB activity.
The expression of p-p65 was determined by western blot
analysis after the downregulation and the overexpression of
[B-arrestin2. As displayed in Fig. 8, in the cells were -arrestin2
was downregulated, the level of p-p65 increased after stimula-
tion with 0.02 ymol/ml 5-FU, while it decreased in the cells
were B-arrestin2 was overexpressed. Collectively, these data
demonstrated that f-arrestin2 was involved in 5-FU-induced
cell apoptosis in an NF-kB-dependent manner.
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B-arrestin2 expression decreases with 5-FU stimulation.
Since B-arrestin2 has a pro-apoptotic effect, we explored the
[-arrestin2 expression of the LoVo cells after stimulation with
5-FU. As displayed in Fig. 9, f-arrestin2 expression of LoVo
cells decreased with 5-FU stimulation.

Discussion

CRC is a common cancer with a high mortality rate especially
in metastatic CRC (1,3). Although many different methods
have been used for the treatment of CRC, 5-FU is considered
the first line treatment of CRC. However, 5-FU has been
shown to be effective only in 31% of cases when used as a
sole drug for CRC. Understanding the mechanisms that lead to
the unsatisfactory effect of CRC could be extremely beneficial
in identifying effective therapies for CRC. The present study
revealed that B-arrestin2 was essential in 5-FU-stimulated
apoptotic responses, and it delineated the downstream
biochemical pathways responsible for 5-FU-stimulated,
[B-arrestin2-mediated pro-apoptotic effect. Thereby, it revealed
a novel potential mechanism for 5-FU effect mediated by
[B-arrestin2.

B-arrestin2, also known as arrestin3 and ARRB2, has
been initially known for its ability to mediate the desensiti-
zation of GPCR signaling (19). Accordingly, it can interact
with GPCR acting as a scaffold protein for the recruitment
of many cytoplasmic signaling proteins, such as c-Src (5).
[(-arrestin2 can mediate agonist-induced signaling leading to
the signaling pathway activation of ERK, MAPK and PI3K,
and the inhibition of NF-xB (7,8). Thus, B-arrestin2 is involved
in many cellular processes associated with cell proliferation,
migration, invasion and apoptosis. Growing evidence indicates
that by affecting cellular responses, (3-arrestin2 has many
additional effects that are related to cancer initiation and
progression (9,10).

Many studies have confirmed that B-arrestin2 is abnor-
mally expressed in cancer. Compared with normal tissues,
[(-arrestin2 is overexpressed in many cancers, such as breast
cancer (20). However, the expression of f-arrestin2 decreases
in hepatocellular cancer and non-small cell lung cancer (15,21).
To confirm the role of -arrestin2 in CRC, we first examined
the expression of (3-arrestin2 in CRC tissues and normal colon
tissues. The obtained results demonstrated that -arrestin2
expression in CRC was significantly increased compared with
normal colon tissues, which means that (3-arrestin2 may exert
a different regulatory function in CRC. It has been established
that low B-arrestin2 expression in hepatocellular cancer was
correlated with aggressive pathological features, including
advanced tumor stage, metastasis, poor cell differentiation
and large tumor size (15). Nonetheless, its role in CRC is still
not well understood. In contrast, 3-arrestin2 overexpression
is not associated with CRC clinicopathological features, such
as tumor volume, TNM stage and CEA level. Furthermore,
[(-arrestin2 expression may serve as a prognosis indication.
Lower B-arrestin2 expression indicates poor prognosis in
NSCLC and hepatocellular cancer (15,21). We will follow
the survival time of CRC patients in our next study. It will
clarify the relation between the survival rate of CRC patients
and B-arrestin2 expression. The role of B-arrestin2 in cancer is
very distinct which could mean it is tissue-specific.
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Although clinical data have not revealed a clear role of
B-arrestin2 in CRC, we obtained colon cancer cells for in vitro
experiments. 3-arrestin2 has progressive and restrictive double
functions in cell proliferation (11,13,14). B-arrestin2 promotes
the proliferation of chronic myelogenous leukemia and
castration-resistant prostate cancer, but inhibits lung cancer
growth (13,14). However, in the present study the proliferation
rate did not change following [-arrestin2 downregulation in
CRC, which was in accordance with results previously reported
by Bonnans et al (12), where p-arrestin2 depletion caused
only 33% of the tumors in Apc*** mice while the tumor size
revealed no alterations compared to the WT Apc®'** mice (12).
As for the effect of [3-arrestin2 on metastasis, it suppresses
the migration and invasion of hepatocellular cancer and lung
cancer, but promotes breast cancer (14-16,20,22). In the present
study, there were no differences in cell migration and invasion
capacity after the [-arrestin2 downregulation, indicating that
[B-arrestin2 did not affect the proliferation, migration and inva-
sion capacity of colon cancer cells. Each cancer has its specific
mechanisms of initiation and development. -arrestin2 is
a multifunctional protein that is involved in many cellular
responses and signal pathways (7,8). Accordingly, we postu-
lated that the role of f-arrestin2 in cancer depends on the
organizational specificity.

Accumulating evidence has uncovered the role of 3-arrestin2
in apoptosis (23,24) and the dual effect of f-arrestin2 in apop-
tosis (24-27). Under different conditions, -arrestin2 can be
pro-apoptotic or anti-apoptotic (28-30). In the present study,
5-FU, as a core drug for CRC, was selected as a drug-interfering
factor. Caspase-3 activation is a hallmark for apoptosis. We
examined the activity of caspase-3 using caspase-3 activity
assay kit and determined the cleaved-caspase-3, Bax and
Bcl-2 expression by western blot analysis. Our results revealed
that the activity of caspase-3 was suppressed, the expres-
sion of pro-apoptotic protein Bax and cleaved-caspase-3 was
decreased and the anti-apoptotic protein Bcl-2 was increased
after [3-arrestin2 downregulation. Thus, these results indicated
that [3-arrestin2 downregulation prevented colon cancer cells
from 5-FU-induced apoptosis. To obtain a better understanding
of B-arrestin2 function on apoptosis, we overexpressed the
expression of f-arrestin2 in human colon cancer cell line
HCT116 and found that the cell apoptosis induced by 5-FU
increased after B-arrestin2 overexpression. This indicated that
[-arrestin2 promoted 5-FU-induced apoptosis in colon cancer
cells. In a previous study by Zeng et al (29) it has been proved
that B-arrestin2 promotes inflammation-induced epithelial
apoptosis through ER stress/PUMA in colitis. Liu er al (17)
demonstrated that (3-arrestin2 deficiency was associated with
radiation-induced intestinal crypt progenitor cell apoptosis
through protracted NF-«kB activation and suppression of
PUMA. Consequently, we surmised that [3-arrestin2 can be
pro-apoptotic in the intestinal crypt cells. However, additional
studies need to be performed in order to confirm this hypothesis.

We have proved that B-arrestin2 promoted 5-FU-induced
apoptosis in colon cancer cells but the underlying mecha-
nisms remain to be investigated. The activation of the NF-«xB
pathway has shown to be enhanced in a variety of cancers,
including renal cancer, CRC and prostate cancer (31-33). It
has been proved that NF-kB activation is associated with the
development of chemoresistance to 5-FU in CRC and gastric
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cancer (34,35). Many chemotherapy drugs have been demon-
strated to be more effective when combining the inhibition
of the NF-kB pathway (36-39). B-arrestin2 has been proved
to inhibit the NF-«xB activation through its direct interaction
with IkBa or by inhibiting TRAF6 self-ubiquitination (40,41).
Accordingly, we postulated that (3-arrestin2 promoted apop-
tosis by inhibiting the NF-«B activation. The increase of p-p65
following 5-FU stimulation in the LoVo and HCT116 cells is
a firm proof of chemoresistance. As we expected, the level of
p-p65 increased by 0.02 gmol/ml 5-FU stimulation after the
B-arrestin2 downregulation in LoVo cells, and decreased after
[-arrestin2 overexpression in HCT116 cells. Accordingly, we
concluded that B-arrestin2 promoted apoptosis by inhibiting
the NF-«B activation.

Furthermore, we noticed that the caspase-3 activity
was not enhanced upon stimulation with 0.1 gmol/ml 5-FU
compared with the 0 gmol/ml 5-FU stimulation. We also
demonstrated that f-arrestin2 decreased with 5-fu stimulation.
Based on these findings, we postulated that the expression of
[(-arrestin2 decreased to a low level following stimulation by
5-FU. Furthermore, f-arrestin2 in CRC can be indicative of
sensitivity to chemotherapy and can even serve as a marker of
prognosis, which could be proved by further studies.

In conclusion, our results demonstrated the role of
B-arrestin2 in CRC. B-arrestin2 promoted 5-FU-induced
apoptosis via the NF-«kB pathway and could serve as a favor-
able prognostic biomarker for CRC.
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