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Abstract

Biglycan (BGN) is overexpressed in cancer stem cells of colon cancer and induces the activation of NF-kB pathway which
contributes to the chemotherapy resistance of diverse cancer types. Therefore, we hypothesized that the overexpression
of BGN also promoted the development of multiple drug resistance (MDR) in colon cancer via NF-kB pathway. The
expression of BGN was bilaterally modulated in colon cancer cell lines HT-29 and SW-480 and the effect of treatments
on the cell proliferation and resistance to 5-FU was assessed. Moreover, the role of NF-kB signaling in the BGN-medi-
ated formation of MDR was further investigated by subjecting BGN-overexpressed SW-480 cells to the co-treatment of
chemo-agents and NF-«xB inhibitor, PDTC. The inhibition of BGN expression decreased the proliferation potential of
HT-29 cells while the induction of BGN expression increased the potential of SW-480 cells. BGN knockdown increased
HT-29 cells’ sensitivity to 5-FU, represented by the lower colony number and higher apoptotic rate. To the contrary,
BGN overexpression promoted the resistance of SW-480 cells to 5-FU. The effect of BGN modulation on colon cancer
cells was associated with the changes in apoptosis and NF-kxB pathways: BGN inhibition increased the expressions of
pro-apoptosis indicators and suppressed NF-kB pathway activity while BGN overexpression had the opposite effect. It
was also found that the BGN-mediated formation of MDR was impaired when NF-kB pathway was blocked. Findings
outlined in the current study showed that BGN contributed to the formation of chemotherapy resistance in colon cancer
cells by activating NF-«xB signaling.
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Introduction

Colon cancer is the third most frequently diagnosed can-
cer type worldwide [1-3], with more than 1.2 million new
cases being confirmed and 600 thousand patients dead each
year. The incidence of colon cancer increases with age and
is reported to be higher in countries in Europe, North Amer-
ica, and Oceania [4]. Currently, surgery and chemotherapy
are the two major treating strategies for the management of
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colon cancer. Compared with tumor resection, chemothera-
pies are more universal for colon cancer patients at different
stages and are often employed as the adjuvant therapy after
tumor removal [5]. However, more than 50% colon cancer
patients will develop metastasis even after the initial treat-
ment for localized tumors [6, 7], which limits the treating
efficacy of chemical agents [8].

It is generally recognized that the chemotherapy failure
in the treatment of cancers is attributed to the development
of multidrug resistance (MDR). MDR of cancers is referred
to the resistance to multiple structurally and functionally
unrelated chemotherapies after the exposure to a single cyto-
toxic compound [9]. There is emerging evidence showing
that the existence of cancer stem cells (CSCs) is respon-
sible for the formation of MDR in colon cancer [10]. The
CSC theory infers that only a subpopulation of cells within
a tumor, termed as CSC, has the capability to regenerate,
sustain the growth of tumors, and increase cancers’ resist-
ance to drugs [11]. Regarding colon cancer, the CD133%
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CSC population has been proved to be capable of inducing
tumor formation [12] and is more resistant to 5-FU-based
chemotherapies [10]. Furthermore, according to the study
of Fang et al., except for expressing surface antigens such
as CD133 and CD44, the colon cancer CSCs are also char-
acterized by the high expression of biglycan (BGN) [13]. In
our previous studies, the modulation of BGN influenced the
growth, metastasis, and angiogenesis of colon cancer cells
[14, 15]. Therefore, it is reasonable to investigate the role of
BGN in the formation of chemotherapy resistance in colon
cancer as well.

BGN is a classical type of extracellular matrix proteins
that play important roles in the modulation of the morphol-
ogy, growth, migration, and differentiation of epithelial
cells [16]. The dys-expression of BGN has been reported
in osteosarcoma and ovarian cancers, and has been proved
to be associated with the chemotherapy-resistant phe-
notypes of these cancers [17, 18]. The overexpression of
BGN induces the activation of NF-kB pathway via TLR2/4
signaling [19, 20]. The activation of NF-kB is associated
with the aggressive growth of tumors and contributes to
the resistance to chemotherapies during cancer treatments
[21]. Regarding colon cancer, the key role of NF-«xB signal-
ing in promoting the cancer progression is also becoming
clear [22, 23]. Taken the information together, the major
purpose of the current study was to explore the role of
BGN in the chemotherapy resistance of colon cancer. To
underline the mechanism driving the function of BGN, the
current study also focused on its interaction with NF-xB
signaling. To fulfill the purpose, the expression of BGN
was bilaterally modulated in colon cancer cell lines and
the effect of different treatments on the cell characteristics,
resistance to chemotherapeutic agents, and NF-kB pathway
were detected.

Materials and methods
Cell cultures

Human cancer cell lines SW-480, HCT166, and HT-29 were
purchased from Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China) and maintained in
dulbecco’s modified eagle medium (DMEM) (catalog. no.
12100-46, Gibco, USA) supplemented with 10% fetal bovine
serum (FBS) (catalog. no. SH30084.03, Hyclone, USA) at
37 °C in an atmosphere consisting of 5% CO, and 95% air.
Cells from passage three to five were used for subsequent
assays. The expression levels of BGN in the three cell lines
were determined using reverse transcription real time PCR
(RT?-PCR) and western blotting assay as described in the
following.
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Construction of expression and interference vectors
for BGN

Specific shRNA targeting BGN gene (5'-GCUCAACUA
CCUGCGCAUC-3") was ligated into pRNA-H1.1 plas-
mid (between the Hindlll and BamHI sites) to form BGN
knockdown vector pPRNA-H1.1-shBGN (BGN-shRNA). A
non-targeting ShRNA was ligated into pRNA-H1.1 plas-
mid to serve as negative control (pRNA-H1.1-NC) for
assays based on BGN knockdown. The coding sequence of
human BGN was amplified based on the mRNA sequence
(NM_001711.4) and ligated into pcDNA3.1 plasmid
between EcoRI and Xhol sites to form BGN expression
vector pcDNA3.1-BGN (BGN-OE). The empty pcDNA3.1
plasmid was served as NC for assays based on BGN
overexpression.

Transfection

Transfections were performed using Liposome 2000
(11668-019, Invitrogen, USA) according to the manu-
facturers’ instruction. Based on the results of RT?-PCR
and western blotting detections, the expression level
of BGN was highest in HT-29 cells while lowest in
SW-480 cells (Figure S1). Thus, the level of BGN was
knocked down in HT-29 cells but induced in SW-480
cells using respective vectors. The stable transfected
cells were screened using G418 (catalog. no. 11811023,
Invitrogen, USA) and cultured in DMEM supplemented
with 10% FBS.

RT?-PCR

Total RNA was extracted using RNA Purified Total RNA
Extraction Kit (catalog. no. RP1201, BioTeke, China).
cDNA templates were achieved using super M-MLV
reverse transcriptase (catalog. no. PR6502, BioTeke,
China) from total RNA. The reaction mixture of real time
PCR contained 10 ul SYBR GREEN Master Mix (catalog.
no. SY 1020, Solarbio, China), 0.5 pl of each primer (BGN,
forward: 5'-GGGTCTCCAGCACCTCTACGC-3’, back-
ward: 5'-TGAACACTCCCTTGGGCACCT-3'; p-actin,
forward: 5'-CTTAGTTGCGTTACACCCTTTCTTG-3',
backward: 5'-CTGTCACCTTCACCGTTCCAGTTT-3"),
1 ul cDNA template, and 8 pul ddH,0. Amplification was
performed following thermal cycling parameters: a dena-
turation step at 94 °C for 10 min, followed by 40 cycles of
amplification at 94 °C for 10 s, 60 °C for 20 s and 72 °C
for 30 s. The signal was detected after the step at 72 °C for
30 s using Exicycler™ 96 (BIONEER, South Korea). The
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relative expression level of BGN was calculated according
to the formula of 2744,

Western blotting

Cells in different groups were lysated using RIPA lysis
buffer (catalog. no. PO0O13B, Beyotime Biotechnology,
China) supplemented with 1% PMSF (catalog. no. ST506,
Beyotime Biotechnology, China). Total protein in cells
was collected by centrifugation at 10,000 X g for 4 min.
The protein concentration was determined using BCA
Protein Concentration Determination Kit (catalog. no.
P0009, Beyotime Biotechnology, China) according to the
manufacturers’ instruction. For western blotting assay,
40 pg protein from each sample were subjected to 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) at 80 V for 1.5 h. Then the protein was trans-
ferred onto polyvinylidene difluoride (PVDF) membranes
and blocked with skimmed milk solution for 1 h. After-
wards, the membranes were incubated with the primary
antibodies against BGN (1:1000) (catalog. no. D221985,
Sangon Biotech, China), cleaved caspase 3 (1:1000) (cata-
log. no. ab2302, Abcam, UK), cleaved caspase 9 (1:1000)
(catalog. no. #7237, CST, USA), cleaved PARP (1:1000)
(catalog. no. ab32561, Abcam, UK), IxkBa (1:500) (catalog.
no. bs-1287R, Bioss, China), p-IkBa (1:500) (catalog. no.
bs-2513R, Bioss, China), p-p65 (Ser536) (1:1000) (cata-
log. no. D155097, Sango Biotech, China), f-actin (1:500)
(catalog. no. KGAAO001-1, KeyGEN BioTECH, China), and
Histone H3 (1:500) (catalog. no. Bioss, bs-17422R, China)
at 4 °C overnight. After four washes with TTBS, second-
ary HRP-conjugated IgG antibodies (1:5000) (catalog. no.
A1018&A0208&A0216, Beyotime Biotechnology, China)
were added onto the membranes and incubated for 45 min
at 37 °C. The protein bands were developed using the Beyo
ECL Plus reagent (catalog. no. PO018, Beyotime, China)
and the images were captured using Gel Imaging System.
The relative expression levels of proteins were calculated
using Gel-Pro Analyzer (Media Cybernetics, USA).

Chemo-agent administration

Colon cancer cells were firstly allowed to grow into 90%
confluence before incubated with 5-fluorouracil (5-FU)
(catalog. no. V900394, Sigma, USA) at different concen-
trations (0, 5, 10, 20, 30, and 50 pg/ml) at 37 °C for 48 h.
For SW-480 cells transfected with BGN expression vector,
cells were further incubated with cisplatin (catalog. no.
15663-27-1, Meilunbio, China) at different concentrations
(0, 2.5, 5, 10, 20, 40 mg/l) at 37 °C for 48 h. The IC50
concentrations of different chemo-agents on cells under-
went different administrations were determined using

MTT assays as described following. For assays including
colony formation, Hoechst staining, flow cytometry, and
western blotting, the detections were all performed based
on IC50 concentrations. To explore the role of NF-kB
signaling, SW-480 cells overexpressing BGN were treated
with 10 uM PDTC for 1 h (NF-xB inhibitor, catalog. no.
S1809, Beyotime Biotechnology, China) 1 h prior to 5-FU
or cisplatin treatment .

MTT assay

MTT detection was performed by incubating cells that
underwent different treatments with 0.5 mg/ml MTT at
37 °C for 4 h. The reaction was stopped by DMSO and the
cell growth was represented by OD value at 570 nm detected
by a microplate reader (ELX-800, BIOTEK, USA).

Colony formation assay

Colon cancer cells in different groups were suspended in
the culture media and then inoculated onto 35 mm plates at
a density of 300 cells per plate. After culture at 37 °C for
2 h, the cells were treated with 5-FU at IC50 concentrations
for 72 h. After another culture for 2 weeks, the colonies on
the plates were fixed with 4% paraformaldehyde for 20 min
and then stained with Wright—-Giemsa stain for 5 min. The
numbers of colonies (> 50 cells) on each plate were recorded
using an inverted phase microscope (AE31, Motic, China).
The colony formation rate is equal to “colony number/inocu-
lated cell number x 100%.”

Flow cytometry

Apoptotic rates were determined with Cell Cycle Detec-
tion Kit (catalog. no. KGA106, KeyGen BioTECH, China)
according to the manufacturers’ instruction using a FACS
flow cytometer (Accuri C6, BD, USA): briefly, cells in dif-
ferent groups were re-suspended using 500 ul Binding buffer
and then incubated with 5 ul Annexin V-FITC and 5 pl Pro-
pidium Iodide at room temperature in dark for 15 min. The
total apoptotic rate was the sum of the late apoptotic rate
(UR, upper right quadrant—advanced stage apoptosis) and
the early apoptotic rate (LR, lower right quadrant—prophase
apoptosis).

Hoechst staining

Colon cancer cells administrated with different agents for
48 h were cultured with fixing solution for 20 min at room
temperature and then washed with PBS for two times. Hoe-
chst 33,258 solution was added into the wells and incubated
for 5 min. The morphological changes of cell nuclei were
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detected using a fluorescence microscope (BX53, Olympus,
Japan) at 400 X magnification.

Statistical analysis

The data were expressed as mean + standard deviation (SD).
One-way ANOVA and post hoc test using LSD method
were performed with a significant level of 0.05 (two-tailed
P value). All the statistical analyses were conducted using
Graphpad Prism version 6.0 (GraphPad Software, Inc., San
Diego, CA).

Results

Effect of BGN modulation on the proliferation
potential of colon cancer cells

Based on the detections of BGN expression status with
RT2-PCR and western blotting, the level of BGN was high-
est in HT-29 cells and lowest in SW-480 cells (Figure S1).
Therefore, HT-29 cells were subjected to BGN knockdown
administration (Fig. 1a) and SW-480 cells were subjected
to BGN induction administration (Fig. 1b). Afterwards, the
effect of BGN modulation on the proliferation abilities of
both cell lines was assessed with MTT assay in a 96-h time
period. As shown in Fig. Ic, the proliferation of HT-29
cells was impaired by BGN knockdown and the OD570
values of BGN-shRNA Group were lower than those in
NC Groups, and the differences were statistically signif-
icant since the 72nd hour (P <0.05). In contrary to the
effect of BGN knockdown, the effect of BGN overexpres-
sion promoted the proliferation of SW-480 cells, and the
differences between BGN-OE Group and NC Group were
also statistically significant since the 72nd hour (Fig. 1d)
(P<0.05).

Effect of BGN modulation on the 5-FU resistance
in colon cancer cells

Colon cancer cells with different BGN expression statuses
were further incubated with 5-FU at different concentra-
tions for 48 h and the cell viabilities were determined with
MTT assay. As shown in Fig. 2a, b, the inhibiting effect
of 5-FU on HT-29 cells was strengthened by BGN knock-
down while suppressed by BGN overexpression. Based
on the results of MTT assays, the IC50 values were cal-
culated and shown in Tables S1 and S2. Then cells in dif-
ferent groups were treated with 5-FU at respective IC50
concentrations for 48 h before subjecting to colony forma-
tion assay, Hoechst staining, flow cytometry, and western
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blotting. The administrations of 5-FU decreased the colony
formation rates in both cell lines, representing the inhibi-
tion on anchorage-independent growth of colon cancer cells
(Fig. 3a, b). After BGN knockdown, the colony formation
rate of HT-29 cells was further decreased (Fig. 3a) while
BGN overexpression restored the colony formation rate of
SW-480 cells (Fig. 3b). Similar changing patterns were also
observed for detections of cell apoptosis: BGN knockdown
increased the apoptotic rate and Hoechst positive cell num-
ber in 5-FU-treated HT-29 cells (Fig. 3c, e) while BGN
overexpression inhibited the apoptosis-inducing effect of
5-FU on SW-480 cells (Fig. 3d, f).

Effect of BGN modulation on apoptosis and NF-kB
signal transduction in colon cancer cells treated
with 5-FU

At molecular level, the knockdown of BGN induced the
expressions of cleaved caspase 3, cleaved caspase 9, and
cleaved PARP (Fig. 4a) while BGN overexpression inhib-
ited the expressions (Fig. 4b), which further confirmed the
pro-survival effect of BGN in the development of colon can-
cer. NF-kB signal transduction is a classical pathway pro-
moting the chemotherapy resistance of cancer cells [21].
Therefore, the effect of BGN modulation on the activity
of NF-kB pathway in colon cancer cells treated with 5-FU
was also detected. In HT-29 cells, the knockdown of BGN
decreased the levels of p-p65 and p-IkBa while increased the
level of IkBa (Fig. 4c). The administration 5-FU activated
NF-kB pathway in HT-29 cells by increasing the expres-
sions of p-p65, p-IkBa and decreasing the expression of
IxBa (Fig. 4c). The inhibiting effect of BGN knockdown on
NF-«B pathway could also be observed under the treatment
of 5-FU (Fig. 4c). Compared with HT-29 cells, the adminis-
tration of 5-FU had little influence on the activity of NF-xB
pathway in SW-480 cells (Fig. 4d). However, the levels of
p-p65 and p-IkBa were dramatically higher in SW-480 cells
co-treated with 5-FU and BGN expression vector than those
in SW-480 cells solely treated with BGN expression vector
(Fig. 4d).

Role of NF-kB pathway in mediating the function
of BGN in the development of MDR of colon cancer
cells

Our results have verified the activating effect of BGN on
NF-«xB pathway. However, whether the function of BGN
in promoting the chemotherapy resistance of colon can-
cer cells indispensably depended on the activation of
NF-kB pathway still needed to be explored. Therefore,
SW-480 cells with BGN overexpression were subjected
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and Hoechst staining. The results showed that once the
activity of NF-kB pathway was inhibited by PDTC, the
effect of BGN overexpression in inducing chemotherapy
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resistance was blocked. As shown in Fig. 5, compared with
SW-480 cells with BGN overexpression and chemo-agent
administration, higher apoptotic rates and Hoechst stain-
ing positive cell numbers were recorded in PDTC-treated
groups, indicating that the activation of NF-xB pathway
was necessary for the BGN-induced development of MDR
in colon cancer cells. The central role of NF-kB pathway
in the formation of MDR in colon cancer cells was further
validated with SW-480 and SW-480 transfected with NC
vector: after the inhibition of NF-xB pathway, the apop-
totic process was further induced (Figure S2). Moreover,
SW-480 in different groups had similar response to the
co-administration of 5-FU and PDTC, indicating that the
overexpression of BGN had no side effect on the biological
behaviors of colon cancer cells.

Discussion
Colon cancer cell lines with high and low expression lev-

els of BGN were selected in the current study to detect the
effect of BGN modulation on the development of MDR.
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Based on the current results, the induced expression of BGN
contributed to the higher resistance of SW-480 cells to the
administrations of 5-FU and cisplatin while the suppressed
expression of BGN lowered the primary 5-FU resistance of
HT-29 cells. By detecting the influence of BGN modulation
on the activity of NF-kB pathway, our study also showed
that the function of BGN in promoting the MDR feature of
colon cancer cells was dependent on the activation of NF-xB
signaling.

CSCs play a key role in driving the formation and spread
of tumor, and in facilitating the drug resistance of colon
cancers [24]. Based on the study of Fang et al., colon cancer
CSCs are characterized by the high expressions of surface-
associated proteins including CD133, CEACAMS, cadherin
17, CD29, and secreted protein BGN [13]. In our previous
studies, we have proved that BGN promotes the growth,
metastasis, and angiogenesis of colon cancer cells [14, 15]
and is a critical modulator of the apoptotic process in colon
cancer cells. In the current study, the role of BGN in the
development of MDR of colon cancer cells were further
studied. The expression of BGN was bilaterally modulated
in two colon cancer cells. For HT-29 cells with high expres-
sion level of BGN, the cells were transfected with BGN
knockdown vector. The suppression of BGN resulted in
the decreased cell proliferation of HT-29 cells. Moreover,
HT-29 cells with inhibited BGN expression were also more
sensitive to the treatment of 5-FU. Compared with parental
cells, BGN-suppressed cells exhibited lower growth poten-
tial and higher apoptotic rate when subjecting to 5-FU.
Given that HT-29 cells is a colon cell with high chemo-
therapy resistance potential, the results inferred that the
suppressed expression of BGN could block the development
of MDR in colon cancer cells. To the contrary of HT-29
cells, colon cancer cell line SW-480 is cell type sensitive
to the administration of 5-FU. Therefore, we induced the
expression of BGN in SW-480 cells. It was found that the
overexpression of BGN promoted the survival of SW-480
cells under the treatment of 5-FU, thus confirming that
BGN was a promoting factor in the development of MDR
in colon cancer.

The association of BGN with chemotherapy resistance
has been previously reported in pediatric osteosarcoma
[18]. But in most cases, BGN is conceived to be an auto-
crine angiogenic factor of tumor endothelial cells [25] and
is expressed in inflammatory and fibrotic tissues [26—28].
Generally, BGN interacts with it receptors, TLR2/4, and
subsequently influences the downstream pro-inflammation
NF-xB pathway [19, 29]. Given that the dys-function of
TLRs is associated with the oncogenesis of multiple tumor
types [30, 31] and that NF-xB pathway is a contributor
to the development of chemotherapy resistance in cancer



Molecular and Cellular Biochemistry (2018) 449:285-294

291

a HT-29

HT-29+5-FU

) w -
S S S
=
N
N
°

Colony forming rate (%)
=
‘lx

O
&» S 8 S
o < \a
<Y < S
A S
S
9
C HT-29 HT-29+5-FU
80 HT-29
$ 60 T
P . “
£ T
2 40
2
3
o = 20
§ <
g 0 T T
2 » O O
E “\& Qx‘ﬁ"‘ (/x("\ﬁ x@“
= <> < &
, & S
o2
Q

3
S

e - HT-29+5-FU

NC+5-FU BGN-shRNA+5-FU

N
S

20

Apoptosis percentage (%)
IS
=3

Fig. 3 Effect on BGN on the 5-FU resistance of colon cancer cells.
Cells in different groups were treated with 5-FU at IC50 concentra-
tions and subjected to colony formation, flow cytometry, and Hoe-
chst staining to determine the resistance to 5-FU. a Representative
images and quantitative analysis results of colony formation assay
of HT-29 cells. b Representative images and quantitative analysis
results of colony formation assay of SW-480 cells. ¢ Representa-
tive images and quantitative analysis results of flow cytometry of

cells [21, 22], the function of BGN to promote MDR in
colon cancer might be associated with its regulation on
NF-xB pathway. In both cell lines, the administration of
5-FU increased the expressions of p-p65 and p-IxkBa and
decreased the expression of IkBa, representing the devel-
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NF-kB pathway in 5-FU-treated SW-480 cells was much
stronger than that of BGN knockdown in 5-FU-treated
HT-29 cells. We thought the difference in the changing
pattern of NF-xB pathway between HT-29 and SW-480
cells was attributed to the original expression levels of
NF-kB members which was already high in HT-29 cells.
Following the verification of BGN’s influence on NF-kB
pathway in colon cancer cells under 5-FU treatment, the
role of NF-kB pathway in mediating the function of BGN
was further explored. SW-480 cells overexpressing BGN
were co-treated with 5-FU and PDTC or cisplatin and
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PDTC. The results showed that once the activity of NF-kB
pathway was inhibited in colon cancer cells, the resist-
ance against chemotherapies was also blocked even with
the overexpression of BGN. The results evidently proved
that the effect of BGN to promote the development of
MDR in colon cancer was dependent on the activation of
NF-«B pathway. With the activated NF-kB pathway, BGN
can transduce its function to downstream factors such as
COX-2, Cyclin D1, Bcl-2 family, Survivin, and epider-
mal growth factor receptor [21], influencing not only the
chemotherapy resistance but also the normal behaviors of
colon cancer cells.

Conclusively, the current study made a supplement to
our serial studies focusing on the function of BGN in colon
cancer. By activating NF-kB signaling, BGN promoted
the formation of resistance to multiple chemo-agents. The
findings also bridged the gap through which BGN influ-
enced the apoptosis and angiogenesis in colon cancers.
Taken together, BGN played multi-pronged roles in the
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treated colon cancer cells. Cells in different groups were treated
with 5-FU at IC50 concentrations and subjected to western blot-
ting assay for determining the expressions of molecules involved
in apoptosis and NF-kB pathways. a Representative images and
quantitative analysis results of western blotting assay of apoptosis
pathway in HT-29 cells. b Representative images and quantitative
analysis results of western blotting assay of apoptosis pathway in
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Fig.5 Effect of NF-kB pathway on the BGN-mediated 5-FU resist- p-
ance in SW-480 cells. SW-480 cells overexpressing BGN were pre-
treated with NF-xB inhibitor PDTC (10 uM) for 1 h before being
treated with 5-FU or cisplatin at IC50 concentration. Then the apop-
totic rates were detected with flow cytometry and Hoechst staining.
a Representative images and quantitative analysis results of flow
cytometry of SW-480 cells treated with 5-FU. b Representative
images and quantitative analysis results of flow cytometry of SW-480
cells treated with cisplatin. ¢ Representative images and quantita-
tive analysis results of Hoechst staining of SW-480 cells treated with
5-FU. d Representative images and quantitative analysis results of
Hoechst staining of SW-480 cells treated with cisplatin. “*” P <0.05
versus BGN-OE Group. “#” P<0.05 versus BGN-OE + 5-FU/BGN-
OE + cisplatin Group. Magnification, 400 X

development of colon cancer and regarding its function
to facilitate the formation of chemotherapy resistance, the
factor exerted its function by activating NF-kB pathway.
Findings outlined in the current study provided a novel
therapeutic target for the further development of anti-colon
cancer strategies.
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