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Oxymatrine reverses S-fluorouracil resistance by inhibition of
colon cancer cell epithelial-mesenchymal transition
and NF-kB signaling in vitro
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Abstract. The present study investigated the sensitization
of 5-fluorouracil (5-FU)-resistant colon cancer cells in vitro,
using oxymatrine, a Chinese herb, and a quinolizidine alkaloid
compound extracted from the root of Sophora flavescens. The
HCT-8 colon cancer cell line and its 5-FU-resistant subline
HCT-8/5-FU were treated with 5-FU and oxymatrine, alone or
in combination, at various doses. The cells were subsequently
assessed for changes in cell viability, apoptosis and morphology
and analyzed by fluorescence microscopy and western blotting.
The data demonstrated that HCT-8/5-FU markedly increased
the dose of 5-FU required for the suppression of tumor cell
viability (78.77£1.90 ug/ml vs. 9.20+£0.96 ug/ml in parental
HCT-8 cells), whereas HCT-8/5-FU induced the tumor cell
epithelial-mesenchymal transition (EMT). By contrast, oxyma-
trine alone and in combination with 5-FU altered HCT-8/5-FU
cell morphology, apoptosis and EMT phenotypes. The combi-
nation of oxymatrine and 5-FU reduced the protein expression
of snail family transcriptional repressor 2 and vimentin, phos-
phorylated p65 and induced the expression of E-cadherin, by
inhibiting the nuclear factor kB (NF-«kB) signaling pathway.
In conclusion, the data from the present study demonstrated
that EMT was associated with 5-FU chemoresistance in
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HCT-8/5-FU colon cancer cells, and that oxymatrine treatment
was able to reverse such resistance. Oxymatrine may regulate
tumor cell EMT and inactivate the NF-«xB signaling pathway,
and may therefore serve as a potential therapeutic drug to
reverse 5-FU resistance in colon cancer cells.

Introduction

Colorectal cancer is one of the most commonly diagnosed
types of cancer worldwide, and was the second and third most
prevalent cancer in women and men in 2014, respectively (1).
The global colorectal cancer incidence, particularly in China,
has continued to increase by 2- to 4-fold in recent years (2,3).
To date, the treatment of colorectal cancer consists of a
combination of surgery, chemotherapy, radiotherapy and/or
immunotherapy. For example, treatment with 5-fluorouracil
(5-FU) was shown to improve the survival of patients with
various types of cancer, including colorectal cancer, rectal
cancer, gastric cancer, breast cancer (4-6), compared with
untreated patients. 5-FU directly inhibits the activity of the
thymidylate synthetase enzymes in tumor cells (7). Since
the introduction of 5-FU into clinical practice in the 1950s,
it remains the most widely used chemotherapeutic drug for
cancer treatment, including colorectal cancer (8). However,
5-FU resistance develops in ~50% of patients with colorectal
cancer, leading to a poor long-term outcome and prognosis (9).
Thus, the elucidation of the molecular mechanism(s) under-
lying 5-FU resistance may prevent or reverse resistance in
colorectal cancer, thereby benefiting patients.

Matrine and oxymatrine are biologically active compounds
extracted from Sophora flavescens, a leguminous plant. The
two compounds exhibit similar molecular structures and
pharmacological activities, and are often converted into each
other (10). Previous studies demonstrated the anticancer activi-
ties of Sophora flavescens (11-13). Another study revealed
that oxymatrine exerts an anticancer effect in colorectal
cancer via the inhibition of the nuclear factor kB (NF-xB)
signaling pathway (14). Furthermore, oxymatrine reversed
vincristine, paclitaxel and doxorubicin chemoresistance in


https://www.spandidos-publications.com/10.3892/ol.2019.11090
https://www.spandidos-publications.com/10.3892/ol.2019.11090
https://www.spandidos-publications.com/10.3892/ol.2019.11090

520

various cancer cell lines by inhibiting the expression of lung
resistance-related protein, P-glycoprotein (P-gp) and multi-
drug resistance (MDR) proteins (15). Moreover, an association
between chemotherapy resistance and the epithelial mesen-
chymal transition (EMT) in tumor cells in various types of
human cancer has been documented, including lung, breast
and colon cancers (16-18). Therefore, targeting the EMT in
cancer cells may improve the effects of anticancer agents.
Indeed, the EMT is a key step in several biological processes
in the human body, including early embryonic differentiation
and development, wound healing, tissue fibrosis, and cancer
invasion and metastasis (19,20). Major EMT characteris-
tics in tumor cells include increased cell migratory ability,
altered cellular morphology and the generation of cancer
stem cells (21). These characteristics were observed in certain
chemoresistant cancers, including colorectal cancer (22), naso-
pharyngeal cancer (23), hepatocellular carcinoma (24) and
breast cancer (25). Tumor cell chemoresistance was associated
with EMT phenotypes, including decreased expression of the
epithelial marker E-cadherin and the increased expression of
mesenchymal markers (vimentin and N-cadherin) and other
associated transcription factors [twist family bHLH transcrip-
tion factor 1, snail family transcriptional repressor 2 (SNAI2)
and snail family transcriptional repressor 1] (26).

A previous study reported that the NF-«B signaling pathway
was associated with the EMT and played an important role in
5-FU resistance in various types of cancer, includign colon,
rectum and breast cancers (27). Oxymatrine was revealed to
inhibit the EMT in colon cancer cells by targeting the NF-xB
signaling pathway (14), whereas activation of NF-«xB signaling
led to P-gp upregulation, which was associated with drug
resistance (28). Therefore, the present study investigated the
effects of oxymatrine on 5-FU resistance in colorectal cancer
cells in vitro. Furthermore, the potential synergism between
oxymatrine and 5-FU was explored. The results of the present
study suggested that the combination of 5-FU and oxymatrine
may be a novel therapeutic strategy for colorectal cancer,
particularly 5-FU-resistant colon cancer.

Materials and methods

Cell culture. The HCT-8 human colon cancer cell line and its
5-FU-resistant subline HCT-8/5-FU were obtained from The
iCell Bioscience Inc. Cells were cultured in RPMI-1640 medium
(Gibco; Life Technologies Corporation) supplemented with
10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific,
Inc.) and 1% penicillin in a humidified incubator with 5% CO,
at 37°C. For drug treatment, 2x10*/ml HCT-8/5-FU cells were
seeded into cell culture dishes or plates and grown overnight.
The cells were subsequently treated with 2 mg/ml oxymatrine
(Chengdu Push Bio-Technology Co., Ltd.), 20 ng/ml tumor
necrosis factor-a (TNF-a; NF-xB activator; Sigma-Aldrich;
Merck KGaA), alone or in combination, for up to 24 h at 37°C.
The cells were then subjected to western blot analyses.

Flow cytometry analysis of apoptosis. Early and late apoptosis
were assessed using an annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide staining kit (cat. no. WLa001;
Wanleibio Co., Ltd.) according to the manufacturer's instruc-
tions (BD FACSCanto II; BD Biosciences). Briefly, 5-FU
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and oxymatrine were dissolved in sterile distilled water.
HCT-8/5-FU cells (4x10°/well) were treated with 1 pg/ml 5-FU
and 2 mg/ml oxymatrine, alone or in combination, for 24 h at
37°C. Cells were subsequently collected and analyzed using a
flow cytometer (BD FACSCanto IT). Data were analyzed using
FlowJo software version 10.4 (Flowjo LLC).

Cell morphology. HCT-8 and HCT-8/5-FU cells in the loga-
rithmic phase were cultured for 24 h at 37°C. Cells were
subsequently treated with 1 yg/ml 5-FU (Push Bio-technology
Co., Ltd.) for 24 h at 37°C. Changes in tumor cell morphology
were monitored (at least 3 random microscopic fields) and
images were captured using a light microscope (AE31; Motic
Incorporation, Ltd.; magnification, x100).

Fluorescence microscopy. HCT-8/5-FU cells (5x10°) were
seeded onto glass coverslips, grown for 24 h at 37°C, and
treated with 2 mg/ml oxymatrine or 1 xg/ml 5-FU, alone or in
combination, for 24 h at 37°C. Next, tumor cells were fixed in
4% paraformaldehyde in PBS for 15 min and permeabilized
in 0.1% Triton X-100 (Roche Diagnostics) for 30 min at 37°C.
Subsequently, cells were blocked in 10% goat serum (cat.
no. SLO38; Beijing Solarbio Science & Technology Co., Ltd.)
in PBS for 50 min at room temperature and then further incu-
bated with anti-E-cadherin antibody (1:1,000; cat. no. Abl416;
Abcam) or anti-vimentin antibody (1:1,000; cat. no. Ab92547,
Abcam) both from Abcam overnight at 4°C. Subsequently, the
cells were washed three times with PBS and then incubated with
FITC-(cat. no. A0568; Beyotime Institute of Biotechnology)
or Cy3-congujated secondary antibodies (cat. no. A0516;
Beyotime Institute of Biotechnology) at 37°C for 60 min. Cells
were stained with DAPI Vectashield (Wanleibio Co., Ltd.)
according to the manufacturer's instructions, covered with
coverslips using a fluorescent mounting medium (Wanleibio
Co., Ltd.), and examined (at least 3 random microscopic fields;
magnification, x400) using a fluorescence microscope (BX53;
Olympus Corporation).

Western blot analysis. HCT-8/5-FU cells were cultured and
treated with 1 yg/ml 5-FU and 2 mg/ml oxymatrine, alone or
in combination, or with-20 ng/ml TNF-a or 1% DMSO for 24 h
at 37°C. Total cellular protein was extracted on ice using a cell
lysis buffer containing 150 mM NaCl, 1% sodium deoxycho-
late, 50 mM Tris (pH 7.5), 0.1% sodium dodecyl sulfate (SDS),
1 mM phenylmethylsulfonyl fluoride, 1% Triton X-100, 1 mM
EDTA and 1 mM Na;VO,. The cell lysates were centrifuged at
12,000 x g for 15 min at 4°C, and the protein concentration was
determined using the BCA Protein Assay Kit (Pierce; Thermo
Fisher Scientific, Inc.). Subsequently, the protein samples
(35 pug) were separated by SDS-PAGE on 5-10% gels and
transferred onto polyvinylidene fluoride membranes (EMD
Millipore). After blocking in 5% nonfat milk in PBS at 4°C for
1 h, each membrane was incubated with primary antibodies
against E-cadherin (1:1,000; cat. no. 60335-1-1g; ProteinTech
Group), vimentin (1:500; cat. no. WL00742; Wanleibio Co.,
Ltd.), SNAI2 (1:500; cat. no. WL01863; Wanleibio Co., Ltd.),
phosphorylated (p)-p65 (1:500; cat. no. WL02169; Wanleibio
Co., Ltd.), p65 (1:500; cat. no. WL01273b; Wanleibio Co.,
Ltd.), MDR1 (1:500; cat. no. WL02395; Wanleibio Co., Ltd.
or B-actin (1:1,000; cat. no. WL01372; Wanleibio Co., Ltd.)
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Figure 1. Effects of 5-FU on the inhibition of colon cancer cell viability. (A) HCT-8 and HCT-8/5-FU cells were cultured, treated with 5-FU at various doses for
24 h, and then subjected to the MTT assay. Compared with parental HCT-8 cells, HCT-8/5-FU cells exhibited increased viability following treatment with high
doses of 5-FU (>4 ug/ml). “P<0.05 vs. parental HCT-8 cells. (B) Changes in cell morphology were monitored following treatment of HCT-8 and HCT-8/5-FU

cells with 1 pg/ml 5-FU for 24 h. Magnification, x100. 5-FU, 5-fluorouracil.

at 4°C overnight. The following day, the membranes were
washed three times with PBS-Tween 20 and then incubated
with a peroxidase-conjugated secondary antibody (1:5,000;
cat. no. WLAO023; Wanleibio Co., Ltd.) at room temperature
for 1 h. The protein signals were detected using an enhanced
chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol, and visualized using
X-ray films. B-actin was used as the loading control. Changes
in EMT markers were determined in two groups: i) The nega-
tive control cells (HCT-8 cells); and ii) the Experience group
cells (HCT-8/5-FU cells) (Fig. 2A). Changes in EMT markers
following drug treatments were assayed in four groups: i) The
negative control cells (HCT-8/5-FU cells); ii) the oxyma-
trine-treated cells (HCT-8/5-FU + 2 mg/ml oxymatrine);
iii) the TNF-a-treated cells (HCT-8/5-FU + 20 ng/ml TNF-o);
and iv) the combined treatment (MIX) cells (HCT-8/5-FU +
2 mg/ml oxymatrine +20 ng/ml TNF-o) (Fig. 4A). Changes in
EMT markers following drug treatments were determined in
four groups: i) The negative control cells (HCT-8/5-FU cells);
ii) the 5-FU-treated cells (HCT-8/5-FU + 1 ug/ml 5-FU);
iii) the oxymatrine-treated cells (HCT-8/5-FU + 2 mg/ml
oxymatrine); and iv) the combined treatment (MIX) cells
(HCT-8/5-FU + 2 mg/ml oxymatrine +1 ug/ml 5-FU) (Fig. 6A).

Assessing the effects of oxymatrine on the drug resistance
of HCT-8/5-FU cells. Oxymatrine (0, 2, 4 and 8 mg/ml) was
added into cell culture medium (RPMI-1640 supplemented
with 10% fetal bovine serum) containing different concentra-
tions of 5-FU (0, 0.5, 1,2, 4, 8, 16 and 32 ug/ml). HCT-8/5-FU
cells (4x10%) were grown in the aforementioned medium for
24 h and subjected to the MTT assay. DMSO (150 pl/well) was
used to dissolve the formzan crystals, and the optical density
was measured at 570 nm using a microplate reader. The drug
resistance index (RI) was calculated as follows: RI=half
maximal inhibitory concentration (ICs,) of drug-resistant
cells/IC, of the control cells.

Statistical analysis. The data are presented as the
mean + standard deviation or were quantified as gray levels,

where applicable, from three independent experiments with
duplicate readings. The control and experimental groups were
compared using the one-way analysis of variance followed
by the Dunnett's post hoc test. The data between two groups
were compared using the Student's t-test. All statistical
analyses were performed using SPSS software version 21.0
(IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Assessment of the cancer cell RI. Compared with parental
HCT-8 cells, HCT-8/5-FU cells exhibited increased survival in
culture medium containing high doses of 5-FU (>4 ug/ml) for
24 h. In particular, the IC, values of HCT-8/5-FU and HCT-8
cells were 78.77+1.90 and 9.20+0.96 ug/ml, respectively
(P<0.05; Fig. 1A), and the RI of HCT-8/5-FU cells was 8.56.

Changes in morphology of HCT-8 and HCT-8/5-FU cells
following 5-FU treatment. Both cell lines were treated with
1 pg/ml 5-FU for 24 h and were assessed under an inverted
microscope for changes in cell morphology. HCT-8 cells
exhibited typical epithelial morphology characterized
by a round shape and distinct epithelial clusters, whereas
HCT-8/5-FU cells displayed an elongated and irregular fibro-
blast-like morphology (Fig. 1B), indicating that HCT-8/5-FU
cells underwent EMT following treatment with 1 xg/ml 5-FU
for 24 h.

Induction of EMT in HCT-8/5-FU and HCT-8 cells.
Differences in the protein expression levels of EMT
markers were detected in untreated HCT-8/5-FU and HCT-8
cells (Fig. 2A). Compared with HCT-8 cells, HCT-8/5-FU cells
expressed significantly increased levels of SNAI2, vimentin
and p-p65, and significantly decreased levels of E-cadherin
(P<0.05; Fig. 2B).

Effects of oxymatrine on HCT-8/5-FU cell viability.
HCT-8/5-FU cell viability was significantly reduced following
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Figure 2. Expression of epithelial-mesenchymal transition markers.
(A) Western blot analysis of protein lysates collected from HCT-8 and
HCT-8/5-FU cells treated with 1 yg/ml 5-FU for 24 h and (B) the quantifi-
cation. "P<0.05 vs. parental HCT-8 cells. p-p65, phosphorylated p65; 5-FU,
5-fluorouracil; SNAI2, snail family transcriptional repressor 2.

treatment with oxymatrine compared with treatment with
5-FU alone (P<0.05; Fig. 3). However, there was no signifi-
cant difference between cells treated with any dose of 5-FU
0,0.5,1,2,4,8,16 and 32 ug/ml) and 4 or 8 mg/ml oxymatrine
(all P>0.05; Fig. 3). The data demonstrated a favorable inhibi-
tion of HCT-8/5-FU cell viability following treatment with
2 mg/ml oxymatrine and 1 ug/ml 5-FU; this dose combination
was therefore used for subsequent experiments.

Oxymatrine inhibits EMT in HCT-8/5-FU cells via the NF-«xB
signaling pathway. In order to explore whether oxymatrine
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Figure 3. Effects of the combination of oxymatrine and 5-FU on the suppres-
sion of 5-FU-resistant colon cancer cell viability. HCT-8/5-FU cells were
treated with 5-FU in combination with oxymatrine at various doses for 24 h,
and then subjected to the MTT cell viability assay. HCT-8/5-FU cell viability
was significantly reduced following treatment with oxymatrine compared with
treatment with 5-FU alone. "P<0.05 vs. parental HCT-8/5-FU cells treated
with 5-FU alone. Data demonstrated favorable inhibition of HCT-8/5-FU
cell viability with 2 mg/ml oxymatrine and 1 ug/ml 5-FU; thus, this dose
combination was used for subsequent experiments. 5-FU, 5-fluorouracil.

inhibits the EMT in HCT-8/5-FU cells, the expression of
EMT-associated biomarkers was assessed in HCT-8/5-FU
cells, following treatment with 20 ng/ml TNF-a and 2 mg/ml
oxymatrine, alone or in combination for 24 h (Fig. 4A). The
mesenchymal marker vimentin and the epithelial marker
E-cadherin were downregulated and upregulated following
treatment with 2 mg/ml oxymatrine for 24 h. Moreover,
oxymatrine significantly inhibited the expression of the NF-xB
signaling pathway protein p-p65 compared with the other three
groups (P<0.05; Fig. 4B), suggesting that NF-«xB signaling
may mediate the effects of oxymatrine in HCT-8/5-FU cells
and that oxymatrine may inhibit EMT via the NF-«xB signaling
pathway in HCT-8/5-FU. Oxymatrine treatment significantly
inhibited p-p65 protein expression. However, this did not
exclude the fact that oxymatrine in combination with 5-FU
may also possess synergistic antitumor activity in HCT-8
cells, or that oxymatrine alone may exhibit antitumor effects
on HCT-8/5-FU cells. In addition, fluorescence microscopy
showed that E-cadherin expression (green) was upregulated,
whereas vimentin expression (red) was downregulated,
following the incubation of HCT-8/5-FU cells with 2 mg/ml
oxymatrine for 24 h compared with HCT-8/5-FU without
oxymatrine (Fig. 4C).

Oxymatrine induces HCT-8/5-FU cells to undergo apoptosis.
The mesenchymal marker vimentin and the epithelial marker
E-cadherin were downregulated and upregulated, respec-
tively, following treatment with 2 mg/ml oxymatrine for 24 h
(Fig. 5A and B). The results from flow cytometry (Fig. 6A)
demonstrated that there was no significant changes in the
apoptotic rate of 5-FU-treated HCT-8/5-FU cells compared
with the control group (HCT-8/5-FU+0 ug/ml 5-fluoro-
uracil; P>0.05; Fig. 6B). However, the apoptotic rates were
significantly increased in the OMT- and MIX-treated groups
compared with the control group (both P<0.05; Fig. 6B), with
the MIX-treated group exhibiting the highest apoptotic rate.



] ‘ SPANDIDOS ONCOLOGY LETTERS 19: 519-526, 2020 523

A Control OMT  TNF-o.  MIX B
S Control
E-cadherin 8 - — ’g &3 omT
[&]
5 B3 TNF-o
sNAi2 - -— 2 OID MIX
S
w
. . e - 0 *
Vimentin | S—_— - - ¢
& * X,
2 =
p-p6S N 8 % " =
CC * * * E
E

o

B-actin

adherin SNAI2 Vimentin p-p65/p65

C E-cadherin Vimentin DAPI

Figure 4. Effects of oxymatrine on the modulation of epithelial-mesenchymal transition proteins in HCT-8/5-FU cells. (A) Western blot analysis of proteins
extracted from HCT-8/5-FU cells treated with 2 mg/ml oxymatrine and 20 ng/ml TNF-a, alone or in combination, for 24 h. (B) Quantification of western
blot analysis. “P<0.05 vs. control cells. (C) Immunofluorescence staining of HCT-8/5-FU cells treated with 2 mg/ml oxymatrine for 24 h, and then subjected

to immunofluorescence staining of E-cadherin (green) and vimentin (red) proteins, and DAPI nuclei staining (blue). Scale bar, 50 ym. Magnification, x400.
p-p65, phosphorylated p65; OMT, oxymatrine; MIX, combined treatment; TNF-a, tumor necrosis factor-a; SNAI2, snail family transcriptional repressor 2.
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analysis of HCT-8/5-FU cells treated with 1 pg/ml 5-FU, 2 mg/ml oxymatrine, alone or in combination, for 24 h and (B) the quantification. "P<0.05 vs. control
cells. OMT, oxymatrine; MIX, combined treatment; 5-FU, 5-fluorouracil; SNAI2, snail family transcriptional repressor 2.
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Figure 6. Oxymatrine induced HCT-8/5-FU cell apoptosis via inactivation of the NF-«xB signaling pathway. HCT-8/5-FU cells were treated with 1 gg/ml 5-FU
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proteins were extracted for (C) western blot analysis and (D) quantification. "P<0.05 vs. control cells. MDR1, multi-drug resistance protein; OMT, oxymatrine;

MIX, combined treatment; 5-FU, 5-fluorouracil; p-p65, phosphorylated.

Additionally, the protein expression levels of MDR1 and
p-p65 were significantly downregulated in the OMT- and
MIX-treated groups compared with the control group (both
P<0.05; Fig. 6C and D), whereas no significant differences
were observed between the 5-FU-treated and control groups
(P>0.05; Fig. 6C and D).

Discussion

Despite recent advancements in the treatment of patients with
colon cancer, overcoming 5-FU resistance remains clinically
challenging (8). Therefore, it is important to elucidate the
underlying mechanisms of chemotherapy resistance in order
to improve patient outcomes. It was reported that oxymatrine
not only had inhibitory effects on the regulation of cancer
cell metastasis, but was also involved in inducing the EMT,
in vitro, in colon cancer, rectum, breast and lung cancers (11).
Furthermore, oxymatrine reversed chemotherapy resistance
in colorectal cancer in vitro (15). Thus, oxymatrine may

serve as a potential therapeutic agent by reversing EMT in
tumor cells. Indeed, the present study assessed oxymatrine
sensitization of 5-FU-resistant colon cancer cells in vitro and
explored the underlying molecular events. HCT-8/5-FU cells
significantly increased the 5-FU concentration required to
decrease tumor cell survival (8.56-fold increase compared
with parental HCT-8 cells), and HCT-8/5-FU cells induced
tumor cell EMT phenotypes and the expression of mesen-
chymal markers. Furthermore, oxymatrine alone and in
combination with 5-FU altered HCT-8/5-FU cell morphology,
induced tumor cell apoptosis and upregulated E-cadherin
expression by suppressing the NF-kB signaling pathway. The
results obtained in the present study revealed that the EMT
was involved in 5-FU chemoresistance in HCT-8/5-FU colon
cancer cells in vitro. Furthermore, oxymatrine reversed 5-FU
chemoresistance by modulating the EMT through inactivation
of the NF-«B signaling pathway. Therefore, oxymatrine may
serve as a novel therapeutic agent to reverse 5-FU resistance in
colon cancer cells.
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Oxymatrine is a quinolizidine alkaloid compound extracted
from the root of Sophora flavescens. Previous studies have
demonstrated that oxymatrine exhibits a wide range of anticancer
activities (11,14), including inhibition of tumor cell proliferation,
invasion and metastasis in gallbladder, cervical, lung and ovarian
cancer (29-32). Additionally, recent studies have revealed that
oxymatrine may reverse chemoresistance, including resistance
to paclitaxel in lung cancer cells (15) and in human squamous
cells (33), and resistance to cisplatin in lung cancer cells (34).
However, to date, the precise mechanisms underlying the effects
of oxymatrine on 5-FU resistance in colorectal cancer remains
unclear. Tumor cells undergo EMT in order to increase migra-
tion, invasion and anoikis tolerance during cancer development
and progression (20). In particular, during EMT, tumor cells lose
cell-cell adhesion and gain migratory and invasive properties,
which are required for tumor initiation and metastasis (35,36).
At the gene level, tumor cells involved in the EMT downregu-
late E-cadherin expression, upregulate vimentin and SNAI2
expression and gain cancer stem cell-like properties (21,37,38).
A previous study revealed that an increase in the EMT was
considered to be a novel mechanism associated with chemo-
therapy resistance in cancer of epithelial origin (39). In order to
assess the validity of this hypothesis, the present study compared
the EMT phenotype of HCT-8/5-FU cells with HCT-8 cells
and demonstrated the association between the EMT and 5-FU
resistance. In particular, the results revealed that HCT-8/5-FU
cells exhibited an irregular fibroblastic morphology, whereas
the parental HCT-8 cells displayed an epithelial morphology.
Compared with HCT-8 cells, HCT-8/5-FU cells had increased
levels of vimentin, SNAI2 and p-p65 proteins, but lower levels of
E-cadherin protein, indicating that the EMT may be associated
with 5-FU resistance.

In order to explore the effects of oxymatrine on the EMT
and 5-FU resistance in colon cancer cells in the present
study, HCT-8/5-FU cells were treated with oxymatrine. It was
revealed that oxymatrine (=2 mg/ml) significantly inhibited
tumor cell viability, which suggest that oxymatrine reversed the
chemoresistance of HCT-8/5-FU cells. In addition, oxymatrine
upregulated E-cadhern expression and downregulated SNAI2
and vimentin expression, indicating that oxymatrine reverse
the EMT phenotype of HCT-8/5-FU cells. The activation of
the NF-«xB signaling pathway is important for the regulation of
cell proliferation, differentiation, survival, migration, invasion
and the EMT process (40-42). The NF-kB signaling pathway
is involved in transforming growth factor (-induced EMT
and the 5-Fu chemotherapy resistance in colon cancer (43,44).
In the present study, the expression of p-p65 was significantly
increased in HCT-8/5-FU cells compared with HCT-8 cells.
Moreover, oxymatrine treatment significantly suppressed the
expression of the p-p65 protein. However, this did not rule out
the fact that oxymatrine in combination with 5-FU may also
possess synergistic antitumor activity in HCT-8 cells or that
oxymatrine alone exhibits antitumor effects on HCT-8/5-FU
cells, which may be addressed by future studies on different
5-FU-sensitive and resistant cancer cell lines. In addition,
the present study lacked an invasion assay, which may determine
effects on the EMT process more conclusively. Thus, future
investigations using alternative cell lines in vitro and in vivo
are required to validate the current findings. In conclusion, the
results of the present study demonstrated that the colon cancer
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cell EMT was involved in the chemoresistance of HCT-8/5-FU
cells to 5-FU, and that oxymatrine treatment was able to reverse
this resistance. Oxymatrine may regulate the EMT process and
inactivate the NF-kB signaling pathway in tumor cells. The
findings of the present study provide a novel theoretical basis
for the sensitization of 5-FU-resistant colon cancer cells in vitro.
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