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Abstract. A major cause of treatment failure in advanced colon
cancer is resistance to chemotherapy. p38 mitogen-activated
protein kinase (MAPK) has been associated with cellular
apoptosis and plays an important role in multidrug resistance
(MDR) in cancer cells. In the present study the effect of
p38 MAPK on the sensitivity of 5-fluorouracil (5-FU)-resistant
SW480 (SW480/5-FU) human colon cancer cells to noscapine
was investigated. Following p38 MAPK interference, the
inhibitory effect of noscapine on cell viability and prolif-
eration was increased in the SW480/5-FU cells and there was
also a decrease in the expression level of minichromosome
maintenance proteins, recombinant Ki-67 and prolifer-
ating cell nuclear antigen. Inhibition of p38 MAPK also
enhanced noscapine-induced G,-phase cell cycle arrest in
the SW480/5-FU cells and there was also a decrease in the
protein and mRNA expression level of cyclin D, cyclin E and
cyclin-dependent kinase 2, and an increase in the expression
level of P57. Furthermore, p38 MAPK interference increased
noscapine-induced apoptosis of the SW480/5-FU cells and
there was an increase in the protein and mRNA expression
level of caspases-3 and 8 and Bax, and decreased Bcl-2
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expression level. The sensitivity of the SW480/5-FU cells to
noscapine was also increased following p38 MAPK interfer-
ence, as demonstrated by MDR inhibition via decreased Akt
activity and reduced protein expression level of the MDR
proteins P-glycoprotein, multidrug resistance protein 1 and
ATP-binding cassette G2. These observations indicated that
inhibition of p38 MAPK increased the sensitivity of the
SW480/5-FU cells to noscapine by suppressing proliferation,
induction of cell cycle arrest and apoptosis, and reversal of
MDR in the SW480/5-FU cells.

Introduction

Colon cancer is one of the most common types of cancer
worldwide and ranks 3rd with respect to mortality world-
wide (1). In China, colon cancer has the highest incidence and
mortality rates compared with that in other types of cancer,
including ovarian and bladder cancers (2) and remains a major
therapeutic challenge despite advancements in systemic thera-
pies (3). With the repeated use of traditional chemotherapy
in clinical practice, tumor cells gradually acquire resistance
to chemotherapeutic drugs with different structures and
functions. This development of multidrug resistance (MDR)
limits the effectiveness of chemotherapeutic drugs in killing
the tumor cells. The mechanisms underlying drug resistance
in cancer cells are complex and remain poorly understood.
The most commonly studied mechanism of MDR is over-
expression of ATP-binding cassette (ABC) transporters,
which decrease drug accumulation in cancer cells (4). The
most extensively studied MDR transporters include MDRI,
P-glycoprotein (P-gp), MDR protein 1 (MRP1) and ABCG2.
These transport proteins have been reported to be targets for
antitumor therapy in drug-resistant tumors (5,6). The chemo-
therapeutic drug, 5-fluorouracil (5-FU) is widely used to treat
colon cancer (7); however, long-term exposure of the cancer
cells to 5-FU results in chemoresistance (8). Therefore, the
development of new drugs to overcome chemoresistance has
become an important topic in current cancer research.
Noscapine, a phthalide isoquinoline alkaloid derived from
opium, has been used as an oral anti-tussive agent with few
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toxic effects in animals and humans (9,10). The chemical struc-
ture of noscapine is similar to that of the microtubule inhibitor
colchicine and its inhibitory effect on microtubules has been
widely recognized (11). Noscapine binds stoichiometrically to
tubulin, alters its conformation, affects microtubule assembly
and arrests mammalian cells in mitosis (10). At present,
noscapine is in phase I/II clinical trials for the treatment of
low-grade non-Hodgkin's lymphoma, chronic lymphocytic
leukemia refractory to chemotherapy and other hematological
malignancies. Noscapine has been found to inhibit the prolif-
eration of various cancer cells, including prostate cancer,
breast cancer and ovarian cancer, and numerous drug-resistant
variants, while evading normal cells (12). Our previous studies
confirmed that noscapine induced partial tumor cell apoptosis
via mitochondrial pathways (13,14). In addition, noscapine was
effective against tumor growth of human breast cancer, murine
lymphoma and melanoma in nude mouse models with little
or no toxicity in the spleen, liver, heart and kidney (10,15,16).
However, the potential mechanisms of noscapine in enhancing
sensitivity and overcoming resistance of tumor cells to tradi-
tional chemotherapeutic drugs are still unclear.

The mitogen-activated protein kinase (MAPK) signaling
pathway plays an important role in cell proliferation, differ-
entiation, survival and apoptosis (17), and has been associated
with anti-apoptosis and chemoresistance development in
colon cancer (18). Furthermore, MAPK has been shown to
be aberrantly activated in patients with colon cancer (19).
p38 MAPK is an important part of the MAPK pathway and
has been associated with cancer cell survival, and inhibition
of p38 MAPK was found to enhance the cytotoxic effects
of 5-FU on colorectal cancer cells (20). However, the role
and mechanism of the p38 MAPK signaling pathway in the
regulation of chemoresistance in colon cancer by noscapine
is unknown. The present study was designed to identify the
effect of p38 MAPK on the sensitivity of 5-FU-resistant
SW480 colon cancer cells to noscapine.

Materials and methods

Chemicals and cell culture. Noscapine was purchased from
Abcam (cat. no. ab215525), and 5-FU was purchased from
Shanghai Aladdin Biochemical Technology Co., Ltd (cat.
no. F100149). The human SW480 colon cancer cell line was
purchased from the China Center for Type Culture Collection,
cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.), supplemented with 10% FBS (Bioswamp) and
maintained in a humidified incubator with 5% CO,, at 37°C.
The 5-FU-resistant SW480 cell line (SW480/5-FU) was estab-
lished as previously described (21), using 2.0 yg/ml 5-FU.

The SW480/5-FU cells were divided into 5 groups: No
treatment (SW480/5-FU); transfection with empty vector
(SW480/5-FU+EV); treatment with 25 umol/l noscapine
(SW480/5-FU+Nos); transfection with p38 interference vector
(SW480/5-FU+si-p38) and combined transfection with p38
interference vector and treatment with 25 gmol/l noscapine
(SW480/5-FU+Nos+si-p38). Untreated, non-resistant SW480
cells served as the control group.

p38 MAPK interference. The mRNA expression level of
p38 MAPK was silenced using small interfering (si)RNA

(100 pmol). The p38 MAPK interference fragment (si-p38;
5'-CCAGACCATTTCAGTCCAT-3") and the negative
control (si-NC, a scramble sequence) were transfected into
the SW480/5-FU cells using Lipofectamine® 2000 (cat.
no. 11668-027; Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's instructions at 37°C for 48 h,
before subsequent experiments.

Cell Counting Kit-8 (CCK-8) assay. Cell proliferation
was analyzed using the CCK-8 assay (cat no. PAB180031;
Bioswamp; Wuhan Bienle Biotechnology Co., Ltd.). The cells
were seeded in 96-well plates, at a density of 1x10* cells/well.
CCK-8 solution (10 ul) was added to each well after 24 h, then
the cells were incubated for 4 h, at 37°C. Absorbance was
measured at 450 nm. The assays were repeated 3 times.

Colony formation assay. To investigate colony formation,
the cells were seeded in 6-well plates (600 cells/well) and
maintained in RPMI-1640 medium supplemented with
10% FBS at 37°C. The medium was replaced every 3 days.
After 14 days, the colonies were fixed with methanol at 4°C for
15 min and stained with 0.1% crystal violet for 30 min at 4°C
(Sigma-Aldrich; Merck KGaA). Visible colonies were manu-
ally counted, and triplicate measurements were performed for
each treatment group.

Cell cycle analysis. For cell cycle analysis, a total of 5x10* cells
were collected and washed 3 times with PBS. The cells were then
incubated in a solution containing 500 pg/ml PI and 100 pg/ml
RNase A for 30 min at 4°C and subsequently analyzed using
flow cytometry (NovoCyte; Agilent Technologies, Inc.), and
the data were analyzed using CytExpert software (version 2.0;
Beckman Coulter, Inc.). Each measurement was performed at
least three times.

Cell apoptosis assay. Cell apoptosis was measured using
an Annexin V-fluorescein isothiocyanate (FITC)/PI flow
cytometry kit (BD Biosciences) according to the manufac-
turer's instructions. The cells were washed with ice-cold PBS
3 times and centrifuged at 1,000 x g at 4°C for 5 min, then
resuspended in 200 pl binding buffer at a concentration of
1x10° cells/ml. Annexin V-FITC and PI (10 ul each) was added
and the cells were incubated for 30 min at 4°C in the dark. The
apoptotic rate was detected using flow cytometry (NovoCyte;
Agilent Technologies, Inc.), and the data were analyzed using
CytExpert software (version 2.0; Beckman Coulter, Inc.).

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from the cultured cells
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. The RNA concen-
tration was measured using a spectrophotometer (Thermo
Fisher Scientific, Inc.) and total RNA (500 ng) was reverse
transcribed into cDNA at a final volume of 10 pl using oligodT
primers and SuperScript II reverse transcriptase (Invitrogen;
Thermo Fisher Scientific, Inc.). qPCR was performed using the
SYBR Green reaction mix (Qiagen Corporation) and analyzed
using a Roche LightCycler system (Roche Diagnostics). The
following thermocycling conditions were used: Initial dena-
turation at 95°C for 3 min; followed by 39 cycles at 95°C for
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5 sec, 56°C for 10 sec, 72°C for 25 sec; 65°C for 5 sec, and
95°C for 50 sec for the final step. The results were normalized
to GAPDH expression levels and the primer sequences are
listed in Table I. The RT-qPCR data were analyzed relative
to the cycle threshold values and are shown as the fold change
(2-44¢9) (22). The qPCR reaction was performed in triplicate
for each sample.

Western blot analysis. The cells were washed with PBS and
lysed using radioimmunoprecipitation assay buffer (Invitrogen;
Thermo Fisher Scientific, Inc.) supplemented with a protease
inhibitor cocktail (Roche Diagnostics). The protein concentra-
tion was calculated using a bicinchoninic acid protein assay kit
(cat. no. PAB180007; Bioswamp; Wuhan Bienle Biotechnology
Co., Ltd.). Equivalent quantities of protein (30 y#g) from each
sample were separated using 12% SDS-PAGE, transferred
to a polyvinylidene fluoride membrane, blocked with 5%
skimmed milk for 2 h, at 4°C, then incubated with the following
specific primary antibodies: minichromosome maintenance
proteins (MCMP; cat. no. PAB35600; 1:1,000; Bioswamp;
Wuhan Bienle Biotechnology Co., Ltd.), recombinant Ki-67
(Ki-67; cat. no. PAB30684; 1:1,000; Bioswamp; Wuhan Bienle
Biotechnology Co., Ltd.), proliferating cell nuclear antigen
(PCNA; cat. no. PAB30083; 1:1,000; Bioswamp; Wuhan
Bienle Biotechnology Co., Ltd.), cyclin D (cat. no. ab134175;
1:1,000; Abcam), cyclin E (cat. no. ab71535; 1:2,000; Abcam),
cyclin-dependent kinase 2 (CDK2; cat. no. MAB37188; 1:1,000;
Bioswamp; Wuhan Bienle Biotechnology Co., Ltd.), P57 (cat.
no. ab199254; 1:5,000; Abcam), P-gp (cat. no. PAB36768;
1:1,000; Bioswamp; Wuhan Bienle Biotechnology Co., Ltd.),
MRPI (cat. no. PAB33537; 1:1,000; Bioswamp; Wuhan Bienle
Biotechnology Co., Ltd.), ABCG2 (cat. no. PAB34152; 1:1,000;
Bioswamp; Wuhan Bienle Biotechnology Co., Ltd.), or GAPDH
(cat. no. PAB36264; 1:5,000; Bioswamp; Wuhan Bienle
Biotechnology Co., Ltd.), overnight at 4°C. The membranes
were then washed with TBS and incubated with goat anti-rabbit
IgG secondary antibody (cat. no. SAB43711; 1:10,000;
Bioswamp; Wuhan Bienle Biotechnology Co., Ltd.) for 2 h,
at 4°C. An enhanced chemiluminescence kit (Pierce; Thermo
Fisher Scientific, Inc.) was used to detect the specific bands and
analyzed using Tanon GIS software (version 4.2; Tanon Science
and Technology Co., Ltd.) using GAPDH as a control.

Cellular MDR assay. MDR was evaluated using a MDR
assay kit (Calcein AM; cat no. 600370, Cayman Chemical
Company) following the manufacturer's instructions. The cells
were seeded into 96-well plates (5x10* cells/well in 100 ul
culture medium [RPMI-1640 supplemented with 10% FBS)]
and incubated overnight at 37°C with 5% CO,. The cells were
then centrifuged for 5 min at 300 x g and 4°C and the medium
was replaced with 100 yl culture medium (RPMI-1640
supplemented with 10% FBS). After incubation at 37°C with
5% CO, for 30 min, 100 ul Calcein AM solution was added to
each sample, followed by a further 30 min incubation. After
centrifugation for 5 min at 300 x g and 4°C, the supernatant
was replaced with 200 ul ice-cold medium and this step
was repeated for a 2nd time. The samples were immediately
viewed under a fluorescent microscope (x200). The cells with
decreased MDR displayed strong green fluorescence intensity,
indicative of calcein AM-positivity.

Table I. Primer sequences used for quantitative PCR.

Gene Primer sequence (5'-3")
p38F CCATGTTCAGTTCCTTATCTACC
p38 R CCGAGCCAGTCCAAAATC
MCMPF GTTGGTAGGCGTGGAA
MCMP R GGATTTGCGAGGTAGAA
Ki-67 F GCCTCCTAATACGC

Ki-67 R GTGCCTTCACTTCC

PCNAF CAAGAAGGTGTTGGAGGCA
PCNAR TCGCAGCGGTAGGTGTC
Cyclin D F GCGAGGAACAGAAGTGC
Cyclin DR GAGTTGTCGGTGTAGATGC
CyclinEF ATGTTGACTGCCTTGAA
Cyclin ER CCACTGATACCCTGAAA
P57F GCACCCAGACACGATC
P57R CCTCCGACACGAACAC
CDK2 F GAGTTACTTCTATGCCTGAT
CDK2 R GGGTACTGGCTTGGTC

Bax F TTTTGCTTCAGGGTTTCA
Bax R CACTCGCTCAGCTTCTTG
Bcl-2 F CTGGTGGACAACATCGC
Bcl-2 R GGAGAAATCAAACAGAGGC
Caspase 3 F ACATCTCGGTCTGGT
Caspase 3 R GAAACATCACGCATC
Caspase 8 F TTCAGGCTTGTCAGGG
Caspase 8 R CAGGGTTTCGGTAGGA
GAPDH F CCACTCCTCCACCTTTG
GAPDH R CACCACCCTGTTGCTGT

F, forward; R, reverse.

Akt activity assay. Akt activity was detected using an Akt Activity
Assay kit (cat. no. KA0885; Abnova), following the manufac-
turer's instructions. The cells were washed once with PBS and
lysed with 200 pl ice-cold kinase extraction buffer for 5 min.
After centrifugation for 10 min at 16,100 x g and 4°C, 2 ul Akt
antibody (one of the Akt Activity Assay kit) was added to 200 p1
cell lysate followed by rotation for 45 min at 4°C. The lysate was
resuspended in protein A sepharose by gentle vortexing into a
slurry. Then, 50 p protein A-sepharose slurry was added to each
sample followed by continuous rotation for 1 h, at 4°C. Following
centrifugation at 21,400 x g for 2 min at 4°C, the supernatant
was removed and the protein A beads were washed twice with
kinase extraction buffer (0.5 ml) and once with kinase assay
buffer (0.5 ml). Next, 50 1 kinase assay buffer and 2 ul glycogen
synthase kinase 3a. (GSK-3a) protein/ATP mixture was added to
the washed protein A beads followed by incubation at 30°C for
4 h. The protein A beads were pelleted by centrifugation then,
30 pl supernatant was collected in a fresh Eppendorf tube. After
the addition of 15 ul 3X SDS-PAGE buffer, the samples were
heated for 3 min and microcentrifuged (3,000 x g) for 2 min at
4°C to pellet the protein A beads. The supernatant (20 pl) was
separated using 12% SDS-PAGE then, western blot analysis
was performed using rabbit phosphophorylated(p)-GSK-3a
(Ser 21) antibody (one of the Akt activity assay kit) at 1:1,000.
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A 37 kDa band corresponding to p-GSK-3a was detected in the
Akt-activated samples.

Statistical analysis. The data are presented as the mean + SD.
One-way ANOVA followed by a Tukey's post-hoc test was
used to compare differences between multiple groups and
with the SPSS software (v19.0; IBM Corp.). P<0.05 was used
to indicate a statistically significant difference.

Results

p38 MAPK interference enhances the inhibitory effect of
noscapine on SW480/5-FU cell proliferation. The transfec-
tion efficiency of si-p38 was analyzed and the results showed
that the mRNA expression level of p38 was significantly
decreased in the si-p38 group compared with that in the si-NC
group, whereas there was no significant difference between
the SW480/5-FU and si-NC groups (Fig. 1A). The viability
and proliferation of the SW480 and SW480/5-FU cells were
evaluated using CCK-8 and colony formation assays, respec-
tively. The viability of the SW480/5-FU cells was significantly
decreased by both noscapine treatment and p38 interference
alone, and p38 MAPK interference also enhanced the inhibi-
tory effect of noscapine (Fig. 1B). In addition, colony formation
was notably suppressed in the noscapine-treated SW480/5-FU
cells, and inhibition of p38 MAPK exacerbated this
effect (Fig. 1C). Next, the mRNA and protein expression level
of proliferation-related genes was examined. This revealed
that the mRNA and protein expression levels of MCMP, Ki-67
and PCNA were lower in noscapine-treated SW480/5-FU
cells compared with SW580/5-FU cells. The SW480/5-FU
cells transfected with p38 MAPK inhibition and treated with
noscapine displayed the lowest mRNA and protein expression
level of these proliferation-related genes (Fig. 1D and E).

p38 MAPK interference promotes noscapine-induced
SW480/5-FU cell cycle arrest. Cell cycle analysis indicated
that noscapine treatment induced an increase in the percentage
of the SW480/5-FU cells in the G, phase, which was further
increased by p38 MAPK inhibition (Fig. 2A). In addition, the
combination of noscapine treatment with p38 interference
significantly decreased the mRNA and protein expression level
of cyclin D, cyclin E and CDK 2 compared with the SW480/5-FU
cells, while increasing the mRNA and protein expression level
of P57 in the SW480/5-FU cells (Fig. 2B and C).

p38 MAPK interference promotes noscapine-induced
SW480/5-FU cell apoptosis. As shown in Fig. 3A, the combi-
nation of p38 interference with noscapine treatment notably
increased the percentage of apoptotic SW480/5-FU cells. In
addition, noscapine treatment combined with p38 interfer-
ence significantly decreased mRNA expression level of the
anti-apoptotic protein, Bcl-2, and increased the mRNA expres-
sion level of the pro-apoptotic proteins, Bax, caspase-3 and -8
in the SW480/5-FU cells compared with the SW480/5-FU
group (Fig. 3B).

p38 MAPK interference regulates the resistance of
SW480/5-FU cells to noscapine. Next, MDR was evaluated
in the SW480 and SW480/5-FU cells. The notably reduced

fluorescence intensity of calcein AM in the SW480/5-FU cells
indicated stronger MDR compared with that in the SW480
cells (Fig. 4A). p38 interference significantly increased the
calcein AM fluorescence intensity, suggesting that p38 inter-
ference inhibited MDR in the SW480/5-FU cells (Fig. 4A).

Furthermore, Akt activity was assessed using an Akt
assay and western blot analysis to measure p-GSK-3a. protein
expression levels (Fig. 4B). Both Akt activity and the protein
expression levels of p-GSK-3a were decreased significantly
by both noscapine treatment and p38 MAPK interference
in the SW480/5-FU cells compared with the SW480/5-FU
group (Fig. 4B). Compared with that in cells treated with
noscapine alone, the combination of p38 interference and
noscapine treatment resulted in a further decrease in Akt
activity and p-GSK-3a protein expression level.

The expression level of the MDR-related proteins, P-gp,
MRPI1 and ABCG2 were also detected using western blot
analysis (Fig. 4C). Compared with that in untreated SW480
cells, the SW480/5-FU cells showed significantly increased
the protein expression level of P-gp, MRP1 and ABCG2.
Noscapine treatment decreased the expression of these
proteins in the SW480/5-FU cells, and p38 MAPK inhibition
further enhanced this effect.

Discussion

The present study revealed that inhibition of p38 MAPK
significantly increased the sensitivity of the 5-FU-resistant
SW480 cells to noscapine. When the SW480/5-FU cells were
treated with noscapine in combination with p38 interference,
cell proliferation and drug resistance were suppressed, and
apoptosis was further induced, compared with that in cells
treated with noscapine alone. The decrease in cell proliferation
was consistent with decreased mRNA and protein expression
level of MCMP, Ki-67 and PCNA in the SW480/5-FU cells.
In addition, the combination of noscapine treatment with p38
interference significantly increased the protein expression level
of Bax, caspase-3 and -8, which are the hallmarks pro-apoptotic
proteins (23). Cell cycle arrest was consistent with the increase
in the protein and mRNA expression level of P57 and the
decrease of cyclin D, cyclin E and CDK2 in the SW480/5-FU
cells. Further investigation confirmed that noscapine treatment
combined with p38 MAPK inhibition notably inhibited the
MDR of the SW480/5-FU cells by decreasing the protein expres-
sion level of Akt and inhibiting the protein expression level of
the MDR-related proteins, P-gp, MRP1 and ABCG2. These
findings suggested that p38 MAPK regulated SW480/5-FU cell
survival following noscapine treatment, and that inhibition of
p38 MAPK increased the sensitivity and suppressed the resis-
tance of the SW480/5-FU cells to noscapine.

The MAPK pathway is a major signal transduction
cascade, that triggers multiple biological cell responses
following growth factor treatment or stress stimulation (24).
The p38 MAPK pathway is primarily activated in response
to environmental stress and is mainly involved in cell growth
arrest and apoptosis (25). p38 MAPK can be stimulated by
various stresses, including osmotic stress, heat shock, UV
irradiation and certain chemotherapeutic drugs, such as
cisplatin and doxorubicin (26). Inhibition of p38 MAPK has
been reported to downregulate the multidrug-resistance I
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Figure 1. p38 MAPK interference enhances the inhibitory effect of noscapine on the viability and proliferation of the SW480/5-FU cells. (A) Transfection
efficiency of si-p38. (B) Cell viability was measured using a Cell Counting Kit-8 assay. (C) Representative images of colony formation in the SW480 and
SW480/5-FU cells transfected with si-p38/NC and/or treated with noscapine. (D) mRNA and (E) protein expression level sof MCMP, Ki-67 and PCNA in the
SW480 and SW480/5-FU cells transfected with si-p38/NC and/or treated with noscapine. The data are presented as the mean + SD (n=3). *P<0.05 vs. SW480;
“P<0.05 vs. SW480/5-FU; “P<0.05 vs. SW480/5-FU+Nos. Nos, noscapine; si, small inhibiting; NC, negative control; 5-FU, 5-fluorouracil.

gene, which has been hypothesized to be responsible for  study, the effects of p38 MAPK on the sensitivity of the
chemoresistance in gastric cancer cells (27). In the present ~ SW480/5-FU cells to noscapine were investigated. Inhibition
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Figure 2. p38 MAPK interference enhances noscapine-induced G,-phase arrest in the SW480/5-FU cells. (A) Cell cycle analysis indicated that p38 MAPK
interference enhanced the noscapine-induced increase in the percentage of cells in the G, phase. (B) mRNA and (C) protein expression level of cyclin D, cyclin E,

CDK?2 and P57 in the SW480 and SW480/5-FU cells transfected with si-p38/NC and/or treated with noscapine. The data are presented as the mean = SD (n=3).

“P<0.05 vs. SW480; "P<0.05 vs. SW480/5-FU; "P<0.05 vs. SW480/5-FU+Nos. Nos, noscapine; si, small inhibiting; NC, negative control; 5-FU, 5-fluorouracil.
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Figure 3. p38 MAPK interference enhances noscapine-induced apoptosis in the SW480/5-FU cells. (A) p38 MAPK interference enhanced the noscapine-induced
increase in the percentage of apoptotic SW480/5-FU cells. (B) mRNA expression level of Bax,Bcl-2, caspase-3 and -8 in the SW480 and SW480/5-FU cells trans-
fected with si-p38/NC and/or treated with noscapine. The data are presented as the mean + SD (n=3). "P<0.05 vs. SW480/5-FU; “P<0.05 vs. SW480/5-FU+Nos.

Nos, noscapine; si, small inhibiting; NC, negative control; 5-FU, 5-fluorouracil.

of p38 MAPK markedly enhanced the effect of noscapine in
reducing SW480/5-FU cell viability and proliferation, as well
as promoting cell cycle arrest and apoptosis.

Bax and Bcl-2 are the principal mediators of mitochondrial
membrane permeability (28). The ratio of anti-apoptotic Bcl-2 to
pro-apoptotic Bax is a marker of the propensity of cells to undergo
apoptosis (29). The results of the present study demonstrated that

following treatment of the SW480/5-FU cells with noscapine, in
conjunction with p38 MAPK interference, the protein expression
level of Bax was increased, while that of Bcl-2 was reduced,
modulating the loss of mitochondrial membrane potential and
leading to cancer cell death. In addition, it was demonstrated that
p38 MAPK interference promoted noscapine-induced cell cycle
arrest at the sub-G, phase in the SW480/5-FU cells. However,
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Figure 4. p38 MAPK interference reduced the resistance of SW480/5-FU to noscapine. (A) The MDR of the SW480 and SW480/5-FU cells, transfected with
si-p38/NC and/or treated with noscapine, was detected using a Multi-Drug Resistance Assay kit (calcein AM). Fluorescent images of the SW480/5-FU cells
stained with calcein AM (green) are shown. Magnification, x200. (B) Akt activity was detected using an Akt Activity Assay kit and the protein expression
level of p-GSK-3a was measured using western blot analysis. (C) Protein expression level of the MDR-related proteins P-gp, MRP1 and ABCG2 was detected
using western blot analysis. The data are presented as the mean + SD (n=3). *P<0.05 vs. SW480; "P<0.05 vs. SW480/5-FU; “P<0.05 vs. SW480/5-FU+Nos.
MDR, multidrug resistance; Nos, noscapine; si, small inhibiting; NC, negative control; 5-FU, 5-fluorouracil; p, phosphorylated.

Jeon et al (30) previously reported that p38 MAPK inhibition Noscapine has been reported to have in vitro anticancer
reduced nitric oxide-induced cell cycle arrest in the G,/G, phase  activity for various neoplasia's, such as myeloid leukemia,
in the colon cancer cell line, SW620. This suggested that this  glioma and prostate cancer (31,32), and animal experiments
pathway may be associated with the change in drug resistance. have shown that its oral administration (120 mg/kg/d or
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300 mg/kg/d) has minimal adverse side effects on organs,
such as the heart, kidney and thymus (10,33). Noscapine
has also been shown to enhance the cytotoxicity of chemo-
therapeutic agents against various tumor cells, effectively
inhibiting tumor growth. However, the molecular mecha-
nisms underlying these antitumor effects are unclear. It has
been reported that noscapine promoted cisplatin-induced
apoptosis in drug-resistant ovarian cancer cells by control-
ling the cell cycle, decreased anti-apoptotic factors, and
increased pro-apoptotic factors to consequently inhibit tumor
growth (34). Furthermore, Doddapaneni et al (35) have
reported that noscapine increased the sensitivity of xenografts
to docetaxel, which lead to increased apoptosis and decreased
resistance of triple-negative breast cancer by modulating key
MDR regulators. MDR transporters pump cytotoxic drugs out
of cancer cells, thereby decreasing their intracellular levels
and enhancing tumor cell survival. Therefore, inhibition of
P-gp, MRP1 and ABCG?2 could resensitize multidrug-resistant
cells to anticancer drugs (36). Previous studies have demon-
strated that the MAPK pathway plays an important role in
MDR and is a promising target for systemic therapy (37,38).
Zhou et al (39) reported that inhibition of p38 MAPK reversed
MDR in breast cancer cells by decreasing protein P-gp
expression. Specifically, p38 MAPK has been associated with
cancer cell apoptosis, and multidrug-resistant cells showed
high levels of p38 phosphorylation. In the present study, it was
found that p38 MAPK inhibition suppressed the resistance of
the SW480/5-FU cells to noscapine by decreasing the protein
expression level of the MDR-related proteins, P-gp, MRP1 and
ABCG?2. This was consistent with inhibition of Akt activation
and decreased protein expression levels of p-GSK-3a. These
results indicated that noscapine might alleviate the drug resis-
tance of the SW480/5-FU cells via the p38 MAPK signaling
pathway.

In the present study, in vivo experiments were not
performed, which is a limitation and will be performed in
future research. In addition, it will also be investigated the
underlying mechanism of noscapine and si-p38.

In conclusion, the results from the present study demon-
strated that inhibition of p38 MAPK increased the sensitivity of
the SW480/5-FU cells to noscapine by inhibiting cell prolifera-
tion and inducing cell cycle arrest and apoptosis. Furthermore,
inhibition of p38 MAPK increased noscapine-induced cytotox-
icity in the SW480/5-FU cells by decreasing P-gp, MRP1 and
ABCG2 protein expression level, thereby reversing MDR. The
present study indicated that p38 MAPK could be a potential
therapeutic target for patients with colon cancer demonstrating
drug resistance.
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