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Inhibiting the NF-kB pathway enhances the antitumor effect
of cabazitaxel by downregulating Bcl-2 in pancreatic cancer
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Abstract. Optimizing the currently available treatment options
for pancreatic cancer (PC) is a priority. Cabazitaxel (CTX), a
semisynthetic taxane, is mainly used for treating patients with
PC who are resistant to paclitaxel (PTX) or docetaxel, due
its poor affinity for P-glycoprotein. However, there are only
a few studies demonstrating the effect of CTX on PC. The
present study aimed to investigate the efficiency and under-
lying mechanism of CTX in PC treatment. Cell proliferation,
colony formation assay and apoptosis analysis were achieved
in the two human PC cell lines AsPC-1 and BxPC-3. Drug
sensitivity test was performed in BxPC-3 tumor-bearing
mice. The results demonstrated that CTX had a lower half
maximal inhibitory concentration compared with PTX for
the inhibition of cell proliferation, both in vivo and in vitro.
Furthermore, the nuclear factor-kB (NF-«kB) pathway was
activated following cell treatment with CTX, and NF-«B p65
overexpression attenuated CTX cytotoxicity. In addition, the
combined use of the specific NF-kB inhibitor caffeic acid
phenethyl ester (CAPE) with CTX significantly enhanced
CTX effect, both in vivo and in vitro. Similarly, the mRNA
and protein expression of B-cell lymphoma-2 was decreased
in AsPC-1 and BxPC-3 cells following treatment with CTX
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and CAPE, suggesting that NF-kB may serve a crucial role
in CTX efficiency. In conclusion, results from our previous
study indicated that CTX could potentially replace PTX in the
treatment of PC, and the present study demonstrated that CTX
combination with an NF-kB inhibitor may be considered as a
potential therapeutic option for PC, which may improve the
prognosis of patients with PC.

Introduction

Pancreatic cancer (PC) is one of the leading causes of
cancer-associated mortality and one of the most lethal
malignancies worldwide with a 5-year survival rate <10% (1).
Surgical resection is the only available treatment for PC,
followed by adjuvant chemotherapy with gemcitabine plus
albumin-bound paclitaxel (PTX) administration following
surgery (2). Because of PC tumor biology, early metastasis,
recurrence and resistance to chemotherapy are common in
patients with PC (2,3). It is therefore crucial to develop effec-
tive therapies for patients with PC following resection.

Cabazitaxel (CTX), PTX and docetaxel (DTX) are taxane
anticancer drugs that bind to tubulin and subsequently suppress
microtubule dynamics in cell division, leading therefore to
cancer cell death (4,5). CTX is mainly used to treat PC in
patients with resistance to PTX or DTX, due to its poor affinity
for P-glycoprotein (P-gp) compared with PTX and DTX (6).
Previous studies demonstrated that CTX is also suitable for the
treatment of lung and breast cancers, hepatocellular carcinoma
and other types of cancer (7-10). Two previous studies reported
that CTX or modified CTX might be effective in PC (11,12);
however, whether CTX may be suitable for the treatment of PC
requires further investigation.

Nuclear factor-kB (NF-«B) is a transcription factor involved
in inflammation and immunity (13). However, numerous studies
reported that it could also regulates cell proliferation, apoptosis
and cell migration in various types of cancer cells. For example,
activation of the NF-«B pathway often acts as a cancer promoter
by regulating the anti-apoptotic B-cell lymphoma-2 (Bcl-2)
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gene (14,15). Furthermore, the downregulation or inhibition of
NF-«B activation is an effective treatment option for certain
types of cancer, including colorectal cancer, glioblastoma,
breast cancer and lung cancer (16,17). It has been reported
that NF-kB p65 directly bound to NMES serves a central role
in PC chemoresistance by inhibiting gemcitabine-induced
apoptosis and G1 phase arrest (18). In particular, previous
studies reported that PTX and DTX can induce NF-kB activa-
tion (19,20), suggesting that NF-kB might be a crucial factor
involved in PC chemoresistance. Combination of a taxane
anticancer drug with an NF-kB inhibitor may therefore be
considered as a more effective cancer treatment option. Caffeic
acid phenethyl ester (CAPE), which is a NF-«B inhibitor
capable of inhibiting the translocation of NF-kB p65 subunit
to the nucleus, was used in a previous study (21). The results
from this study demonstrated that the effect of CAPE on the
inhibition of NF-«xB binding to DNA sequences is specific (21).

The present study aimed to investigate the efficiency and
potential mechanism of CTX in the treatment of patients with
PC. The results from this study may serve the development of
novel treatment plan for PC.

Materials and methods

Chemicals and antibodies. CTX and PTX were purchased from
Dalian Meilun Biology Technology Co.,Ltd. CAPE was purchased
from Selleck Chemicals. Primary antibodies against GAPDH
(1:2,000; cat. no. ab181602), B-actin (1:2,000; cat. no. ab8227),
Bcl-2 (1:2,000; cat. no. ab196495), Histone H3 (1:2,000; cat.
no. abl791) and proliferating cell nuclear antigen (PCNA)
(1:5,000; cat. no. abl8197) were obtained from Abcam. The
NF-kB Pathway Sampler Kit (cat. no. 9936) and Apoptosis
Antibody Sampler Kit (containing caspase-3, cleaved-caspase-3,
poly(ADP-ribose) polymerase (PARP), cleaved-PARP, caspase-9,
cleaved-caspase-9, caspase-7, cleaved-caspase-7, anti-rabbit IgG
and anti-mouse IgG antibodies; cat. no. 9915) were purchased
from Cell Signaling Technology, Inc.

Cell lines and cell culture. Two human PC cell lines, AsPC-1
and BxPC-3, were used in the present study (China Center
for Type Culture Collection). Both cell lines were cultured
in RPMI-1640 (Biological Industries) supplemented with
10% fetal bovine serum (Biological Industries) and placed at
37°C in a humidified incubator containing 5% CO,.

Cell proliferation assay. AsPC-1 and BxPC-3 cell proliferation
was detected using Cell Counting Kit-8 (MedChemExpress). A
total of 5,000 cells per well were seeded in 96-well plates and
cultured at 37°C in an incubator for 24 h. Cells were then treated
with PTX (0, 1, 5, 10, 20, 40, 80, 100 or 120 nM) or CTX (0,
0.5,1,2,4,5,7.5, 10, 20 or 40 nM) or CAPE (0, 1, 5, 10, 15,
20, 25, 30, 40 or 50 uM) or CTX (0,0.5, 1, 2, 4,5,7.5, 10, 20
or 40 nM) and 5 uM CAPE or CTX (0, 0.8, 2,4 or 8 nM) and
CAPE (0, 1, 5, 10 or 15 uM) for 48 h (8,21). Cells were then
incubated in 100 pl medium containing 10% of Cell Counting
Kit-8 (CCK-8) reagent for 1 h. Absorbance was read at 450 nM
using a microplate reader (Bio-Rad Laboratories, Inc.).

Colony formation assay. PC cells were seeded in 6-well
plates at the density of 2,000 cells per well and cultured for
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24 h, followed by treatment with or without drug for 48 h.
Cells were maintained in an incubator with 5% CO, at 37°C
for 7 days. Subsequently, the medium was removed, and cells
were washed twice by PBS and fixed with methanol at room
temperature for 10 min. Cell clones were stained with Giemsa
for 2 min, washed with deionized water and photographed
with a camera (Nikon D3500; Nikon Corporation).

Cell transfection. The lentiviral vectors (CMV-MCS-EF1a-
GFP-Puro) containing human NF-kB p65 or a non-target
control (Zorin) were used to establish stable cell transfec-
tants. PC cells were seeded in 6-well plates at the density of
200,000 cells per well and were infected by 2,000,000 UT
lentivirus (MOI value of AsPC-1 and BxPC-3=10) by using
polybrene (Sigma-Aldrich; Merck KGaA; 5 ul/ml). Medium
was changed after 8 h. Successfully transfected PC cells were
selected by using 5 yg/ml puromycin (MedChemExpress)
following 48 h transfection. The lentivirus transfection
efficiency was validated by western blotting and with the
expression of green fluorescent protein (488 nm).

Apoptosis analysis. AsPC-1 and BxPC-3 cells were harvested
following treatment with 5 and 10 nM CTX, or 5 uM CAPE,
or 5 uM CAPE and 5 nM CTX, or DMSO for 48 h. Cells
were washed twice with PBS and subsequently stained with
5 ul Annexin V-FITC and 5 pl propidium iodide (PI; cat.
no. AD10; Dojindo Molecular Technologies, Inc.) in the dark at
room temperature for 15 min. PC cell apoptosis was detected
by using a FACSCalibur flow cytometer and analyzed using
FlowJo V10 software (BD Biosciences).

Cell cycle analysis. For cell cycle analysis, AsPC-1 and
BxPC-3 cells were harvested following treatment with 5 and
10 nM CTX, or 5 uM CAPE, or 5 uM CAPE and 5 nM CTX,
or DMSO for 48 h. Cells were washed twice with PBS and
fixed with 75% ethanol at -20°C overnight. Subsequently,
cells were washed with PBS and were stained with DNA Prep
(Beckman Coulter, Inc.) for 30 min in the dark. The percentage
of cells in the G1, S and G2/M phases was detected by
FACSCalibur flow cytometry (BD Biosciences) and analyzed
using Modifit LT 5.0 software.

Western blotting. AsPC-1 and BxPC-3 cells were treated
with 5 and 10 nM CTX, or 5 uM CAPE, or 5 yM CAPE
and 5 nM CTX, or DMSO for 48 h, or stably transfected for
NF-«kB p65 overexpression or infected by non-target control
lentivirus. Cells were then lysed using RIPA buffer (Thermo
Fisher Scientific, Inc.) supplemented with phosphatase
inhibitors (1:100; Thermo Fisher Scientific, Inc.) for 30 min
on ice. Cell lysate was centrifuged at 14,000 x g for 15 min
at 4°C to extract the proteins. The NE-PER Nuclear and
Cytoplasmic Extraction Reagent Kit (cat. no. 78835; Thermo
Fisher Scientific, Inc.) was used to separate the nuclear and
cytoplasmic proteins. The BCA Protein Assay Kit (Thermo
Fisher Scientific, Inc.) was used to quantify proteins in each
fraction. Proteins (30 pug) were separated using SurePAGE™
gels 4-20% (GenScript) and transferred onto polyvinylidene
fluoride membranes (EMD Millipore). Membranes were incu-
bated with the blocking buffer (TBS with Tween-20 containing
5% skim milk) at room temperature for 1 h. Membranes were
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incubated with primary antibodies at 4°C overnight and with
horseradish peroxidase-linked secondary antibody at room
temperature for 1 h. Enhanced chemiluminescence reagent
(Fdbio Science) was used to detect the signal on the membrane.

Immunofluorescence. AsPC-1 and BxPC-3 cells were seeded
in 24-well plates at the density of 1.5x10* cells per well and
treated with 10 nM CTX for O, 1, 3 and 6 h and washed with
PBS. Cells were subsequently fixed with 4% paraformaldehyde
at room temperature for 15 min and washed three times with
PBS. Cells were blocked with PBS containing 4% BSA (cat.
no. abs9157; Absin) and 0.5% Triton at room temperature for
1 h. Cells were then incubated with antibody against NF-kB
p65 at 4°C overnight. Following incubation with fluores-
cence-tagged secondary antibody (5 pg/ml; cat. no. A27034;
Thermo Fisher Scientific, Inc.) for 1 h and staining with DAPI,
cells were imaged using a fluorescent microscope (magnifica-
tion, x200; Olympus Corporation).

Reverse transcription quantitative (RT-q) PCR. Total RNA was
extracted from AsPC-1 and BxPC-3 cells using NucleoZOL
(Macherey-Nagel GmbH) and reverse transcribed into cDNA
using Takara PrimeScript™ RT reagent Kit with gDNA Eraser
(Takara Bio Inc.) according to the manufacturer's instructions.
ChamQTM Universal SYBR qPCR Master Mix (Vazyme
Biotech Co., Ltd.) was used and RT-qPCR was performed
on an Applied Biosystems™ 7500 Fast Dx Real-Time PCR
Instrument (Thermo Fisher Scientific, Inc.) according to the
following reactions: Step 1, 95°C for 30 sec; and step 2, 40
cycles of 95°C for 10 sec and 60°C for 30 sec. The sequences of
the primers (Tsingke Biological Technology, Co., Ltd.) were as
follows: Bcl-2, forward, 5'-GCCCTGTGGATGACTGAGTA-3',
reverse, 5'-AGCCAGGAGAAATCAAACAGAG-3"; and
GAPDH, forward, 5-GAGCCAAAAGGGTCATCATCT-3,
andreverse, 5“-TTCCACGATACCAAAGTTGTCA-3.GAPDH
was used as an internal control for normalization. Each sample
was analyzed in triplicate. The relative expression levels were
normalized to GAPDH and were expressed as 2444 (22),

Antitumor activity in tumor-bearing mice. A total of 25 male
athymic nude (nu/nu) mice aged 4-5 weeks were provided by
Shanghai SLAC Laboratory Animal Co., Ltd. Animal care
and experiments were conducted according to the Guidelines
of the Zhejiang University Animal Care Committee (China)
and were approved by the Tab of Animal Experimental
Ethical Inspection of the First Affiliated Hospital, College of
Medicine, Zhejiang University. Briefly, BxPC-3 cells (4x10°) in
100 g1 PBS were injected into the right flank of the mice. Two
weeks after inoculation, mice were divided into five groups
(n=5 per group) according to the treatment they received as
follows: Control, no drug treatment; CAPE (10 mg/kg); PTX
(10 mg/kg); CTX (10 mg/kg); and CTX (8 mg/kg) with CAPE
(10 mg/kg). Drugs were dissolved in a mixture of DMSO,
Tween-80 and saline (1:1:38 ratio), and the control group
received only DMSO, Tween-80 and saline (1:1:38 ratio).
The treatment was injected around the tumors every three
days and for three cycles. The width and length of the tumors
were measured every time before treatment. At the end of
the experiment, mice were sacrificed by cervical dislocation
following anesthesia by intraperitoneal injection of chloral
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hydrate (400 mg/kg). Tumors were subsequently removed and
preserved in formalin. Tumor volume was calculated according
to the following formula: length x width? x 0.5 (cm?).

Immunohistochemistry (IHC) and TUNEL staining assay.
To detect PC cell proliferation and apoptosis in mice tumor,
paraffin-embedded tissues were cut into 4-ym slices, depar-
affinized and rehydrated by dimethylbenzene and ethanol.
Antigen was retrieved by using citrate buffer (pH 6.0) for
15 min and slices were washed three times with PBS. Sections
were incubated with 3% H,O, for 10 min at room temperature
and washed three times with PBS. One part of the slices was
used for IHC and the other parts were used for the TUNEL
assay. For IHC, slices were incubated with PCNA antibody
(1:5,000) overnight at 4°C, washed with PBS, and incubated
with the secondary antibody (cat. no. SAP9100; OriGene
Technologies, Inc.) for 30 min at 37°C. Sections were washed
three times with PBS and stained with the 3'-diaminobenzi-
dine (DAB) for 1 min. Subsequently, DAB staining was stopped
by washing in running water and sections were counterstained
using hematoxylin. Sections were imaged using a microscope
(Olympus Corporation; magnification, x200). For the TUNEL
assay, sections were stained according to the manufacturer's
instructions by using the One Step TUNEL Apoptosis Assay
Kit (Beyotime Institute of Biotechnology). Sections were
imaged using a fluorescent microscope (Olympus Corporation;
magnification, x200).

Statistical analysis. Data were presented as the means + stan-
dard error of the mean and were calculated using SPSS
version 22.0 (IBM Corp.) and Prism GraphPad 6.02 (GraphPad
Software, Inc.). Differences between two groups were calcu-
lated using Student's t-test. ANOVA followed by Tukey's test
were used to calculate the differences among multiple groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

CTX is more effective than PTX in PC cells. The effect of CTX
and PTX on the proliferation of the PC cell lines AsPC-1 and
BxPC-3 was evaluated by using the CCK-8 assay. As presented
in Fig. 1A and Table I, after assessing the inhibition curve of
cell proliferation in a drug concentration gradient after 48 h
of drug treatment, the results demonstrated that CTX had a
lower ICs, value compared with PTX in the two PC cell lines.
Furthermore, the results from the colony formation assay
demonstrated that the colony number and size in the CTX
group was lower and smaller, respectively, compared with the
PTX group (10 nM; Fig. 1B). Following PC cell treatment with
10 nm PTX or CTX for 48 h, Annexin V-FITC and PI staining
was used to assess apoptosis. The results demonstrated that
apoptosis was significantly higher in the CTX group compared
with the PTX group in the two PC cell lines (Fig. 1C-E).
Expression of apoptosis-related proteins was also evaluated.
The results from western blotting demonstrated that CTX led
to a decline expression of the anti-apoptotic protein Bcl-2 and
an increased cleavage of caspase-3, caspase-7, caspase-9 and
PARP (Fig. 1F). Furthermore, the effect of treatment with
10 nM CTX on cell cycle arrest was examined in the AsPC-1
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Figure 1. CTX was more effective than PTX in promoting apoptosis and cell cycle arrest. (A) AsPC-1 and BxPC-3 cell proliferation was detected using Cell
Counting Kit-8 assay following treatment with different concentrations of PTX and CTX (0-120 nM and 0-40 nM, respectively) for 48 h. (B) Colony formation
of AsPC-1 and BxPC-3 cells following treatment with 10 nM PTX or 10 nM CTX for 48 h and maintained in an incubator with 5% CO, at 37°C for 7 days.
(C) Apoptosis analysis following cell treatment with 10 nM PTX or 10 nM CTX. Quantification of cell apoptosis in (D) AsPC-1 and (E) BxPC-3 cell lines. Data
were presented as the means =+ standard error of the mean of three independent experiments. In AsPC-1 cell line, the 10 nM PTX group apoptosis rate compared
with the 10 nM CTX group “P<0.01. In BxPC-3 cell line, the 10 nM PTX group apoptosis rate compared with the 10 nM CTX group “P<0.0001. (F) Western
blotting of apoptosis-related proteins in PC cells following treatment with 10 nM CTX for 48 h. (G) Quantification of cell cycle analysis from Fig. S1. ¢, cleaved;
CTX, cabazitaxel; NC, negative control; PARP, poly (ADP-ribose) polymerase; PC, prostate cancer; PTX, paclitaxel.

Table I. Drug sensitivity of AsPC-1 and BxPC-3 cell lines to
cabazitaxel.

Drug AsPC-1 IC, BxPC-3 ICy,
(48 h treatment) nM nM

Paclitaxel 13.010+1.780 7.056+0.636
Cabazitaxel 3.772+0.465 2.507+0.262
Cabazitaxel + 5 uM 1.440+0.273 0917+0.187

caffeic acid
phenethyl ester

and BxPC-3 cell lines. The results demonstrated that cell cycle
arrest in the AsPC-1 and BxPC-3 cell lines, and the proportion
of cells in the G2/M phase was increased (Fig. 1G and S1).
Taken together, these findings suggested that CTX may inhibit
PC cell proliferation mostly by promoting cell apoptosis and
cell cycle arrest; however, no association between cell apop-
tosis and cell cycle arrest was determined.

CTX promotes the translocation of NF-kB p65 to the nucleus
and activates the NF-kB pathway. Previous studies reported
that taxanes can induce the translocation of NF-xB to the
nucleus, which is crucial to the activation of the NF-xB
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Figure 2. NF-kB was activated in PC cells following treatment with CTX. (A) NF-kB p65 protein expression in the nucleus was detected by western blotting
in PC cells following treatment with 10 nM CTX for 0, 1, 3 and 6 h. (B) Protein expression of the NF-xB pathway proteins phospho-IKKa/, phospho-IkBa,
phospho-NF-«B p65 and NF-kB p65 assessed by western blotting. (C) NF-kB p65 location was observed by immunofluorescence. Magnification, x200. Blue
staining, nucleus by DAPI; green staining, NF-xB p65. Bcl-2, B-cell lymphoma-2; CTX, cabazitaxel; p-p65, phospho-NF-xB p65; NF-kB, nuclear factor-«B;

PC, prostate cancer; p-IKKa/f, phospho-IKKa/B; p-IkBa, phospho-IkBa.

pathway (19,20). In the present study, cytoplasmic and
nuclear proteins were extracted from PC cells following treat-
ment with 10 nM CTX for 0, 1, 3 and 6 h, and NF-xB p65
expression was detected in both fractions by using western
blotting. The results demonstrated that treatment with CTX
induced an increase in NF-kB p65 protein expression in the
nucleus compared within the cytoplasm in the two PC cell
lines (Fig. 2A). In addition, the results from IHC demonstrated
that the translocation of NF-kB to the nucleus increased with
CTX treatment (Fig. 2C). In addition, numerous proteins
involved in the NF-kB pathway were also examined by western
blotting, including phospho-inbibitor of kB kinase (IKK)a/f,
phospho-inhibitor of kB (IkB)a and phospho-NF-xB p65. The
results demonstrated that the expression of all these proteins
was increased following treatment with CTX (Fig. 2B). These
findings suggested that NF-kB pathway may influence CTX
treatment efficiency.

NF-xB p65 overexpression attenuates the effect of CTX. To
evaluate the role of NF-xB p65 in CTX treatment, AsPC-1
and BxPC-3 cell lines overexpressing NF-xB p65 were
constructed. Transfection efficiency was evaluated by western
blotting. The results demonstrated that phospho-NF-kB p65

was increased in NF-kB p65-overexpressing cells (Fig. 3A);
however, no change in NF-xB p65 expression was observed
in the nucleus (Fig. 3B). Subsequently, control and transfected
were treated with the same concentration gradient of CTX for
48 h in 96-well plates and cell proliferation was assessed by
using CCK-8 assay. The results demonstrated a decrease in
sensitivity to CTX treatment in the NF-xB p65-overexpressing
cells compared with control cells (Fig. 3C). These findings
suggested that NF-xB p65 may affect CTX resistance.

Inhibiting NF-xB p65 translocation to the nucleus enhances
CTX efficiency by downregulating Bcl-2. To further evaluate
the role of NF-xB p65 in CTX treatment efficiency, the NF-xB
inhibitor CAPE was used in combination with CTX in AsPC-1
and BxPC-3 cells. The toxicity of CAPE on PC cells was
determined. The results demonstrated an absence of toxicity of
CAPE, and the concentration of 5 uM was chosen for further
experiments (Figs. 3D and S2A). Subsequently, the effect of
CTX combined with 5 uM CAPE on PC cell proliferation was
determined. The results demonstrated that CAPE enhanced
cell sensitivity to CTX (Fig. 3E; Table I). Furthermore, cell
apoptosis was increased following treatment with 5 nmol CTX
and 5 ymol CAPE for 48 h, compared with treatment with
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Figure 3. NF-«B affected CTX toxicity in PC cells. (A) Efficacy of NF-xB p65 (RELA) overexpression in the AsPC-1 and BxPC-3 cell lines and phospho-NF-«xB
p65 expression were examined by western blotting. (B) NF-xB p65 protein expression in the nucleus was detected by western blotting following NF-xB
p65 overexpression. (C) CCK-8 assay was used to detect the sensitivity of the two cell lines to CTX in the control and NF-kB p65 overexpression groups.
(D) CAPE cytotoxicity determined with the CCK-8 assay. (E) Effects of CTX combined to 5 #uM CAPE on PC cell proliferation. (F) Apoptosis analysis of PC
cells treated with CAPE 5 uM CAPE, 5 nM CTX or 5 nM CTX and 5 yuM CAPE (left panel), and quantification of cell apoptosis in AsPC-1 and BxPC-3 cell
lines (right panel). Data were presented as the means + standard error of the mean of three independent experiments. In AsPC-1 cell line, the apoptosis rate
of CTX group was compared with CTX+CAPE group "P<0.05. In BxPC-3 cell line, the apoptosis rate of CTX group was compared with CTX+CAPE group
“P<0.01. C, cytoplasm; CAPE, caffeic acid phenethyl ester; CCK-8, Cell Counting Kit-8; CTX, cabazitaxel; PC, pancreatic cancer; NF-«kB, nuclear factor-xB;

N, nucleus; p-p65, phospho-NF-kB p65; NC, negative control.

5 nmol CTX alone (Fig. 3F). No significant difference in the
cell cycle arrest was observed between treatment with CTX
alone and combined treatment with CTX and CAPE (Fig. S2B).
Furthermore, the results from drug combination assay
(combination of CTX and CAPE at different concentration
to treat AsPC-1 and BxPC-3) indicated that CAPE syner-
gized with CTX (Fig. 4A and B). To evaluate the underlying
mechanism driving apoptosis in PC cells following treatment
with combination of CTX and CAPE, the protein expres-
sion of apoptosis-related proteins was detected. The results
demonstrated a decline in Bcl-2 expression and an increase
in cleaved-PARP expression (Fig. 4C). Subsequently, the role
of NF-kB p65 in the regulation of Bcl-2 protein expression
was evaluated by using RT-qPCR. The results demonstrated
that Bcl-2 mRNA level was significantly decreased following

treatment with CTX and CAPE compared with CTX treat-
ment alone (Fig. 4D). In addition, Bcl-2 protein expression was
upregulated following NF-kB p65 overexpression (Fig. S2C).
These findings suggested that CAPE may downregulate Bcl-2,
mostly by inhibiting NF-kB p65 translocation into the nucleus,
leading to the enhancement of CTX pro-apoptotic effect.

Combination of CTX and CAPE is more effective in mouse
xenograft models. Following mice treatment with drugs, the
results demonstrated that combination of CTX and CAPE
was more effective in inhibiting tumor growth according to
the ratio of tumor weight to body weight compared with CTX
treatment alone; however, there was no significant difference
in the tumor volume between CTX and combination groups.
In addition, CTX was significantly more effective at inhibiting
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Figure 4. CAPE increased PC cell apoptosis by downregulating Bcl-2. (A and B) Drug combination assay revealed the synergy between CAPE and CTX.
(C) Protein expression of apoptosis-related proteins between the negative control, 5 uM CAPE, 5 nM CTX, and 5 nM CTX plus 5 uM CAPE groups assessed
by western blotting. (D) Relative mRNA level of Bcl-2 in determined by reverse transcription quantitative PCR. Data were presented as the mean + standard
error of the mean of three independent experiments. In AsPC-1 cell line, the Bcl-2 mRNA level of CTX group was compared with CTX+CAPE group “P<0.01.
In BxPC-3 cell line, the Bcl-2 mRNA level of CTX group was compared with CTX+CAPE group “P<0.05. Bcl-2, B-cell lymphoma-2; ¢, cleaved; CAPE, caffeic
acid phenethyl ester; CTX, cabazitaxel; NC, negative control; PARP, poly (ADP-ribose) polymerase; PC, pancreatic cancer.

tumor growth in mouse xenograft models compared with
PTX (Fig. 5A-C). These results were consistent with in vitro
results from the present study (Figs. 1 and 3). Furthermore,
BxPC-3 xenograft tumors were tested by THC for PCNA. As
presented in Fig. 5D, the presence of PCNA-positive cells was
decreased in the combination group compared with the other
groups, suggesting a decline in PC cell proliferation (Fig. 5D).
Furthermore, the results from TUNEL assay demonstrated
that the combination group was more efficient at inducing cell
apoptosis (Fig. 5E).

Discussion

At present, the early diagnosis of PC remains difficult, and
patients with PC present with a high recurrence rate following
surgical resection. Administration of an effective adjuvant
chemotherapy following resection is therefore crucial.
Gemcitabine combined with albumin-bound PTX remians the
main therapeutic option for patients with PC following surgical
resection, or for patients with a good performance status and
who are physically unable to undergo the procedure (2,23).
However, the high resistance rate of gemcitabine and PTX in
PC remains a challenge. The main cause for drug resistance

in PC is the upregulation of multidrug resistance-associated
P-gp, which acts as a drug efflux pump (24-26). In addition,
gemcitabine and PTX resistance is associated with P-gp high
expression (2,27). CTX is a semi-synthetic taxane that was
developed to overcome PTX and DTX resistance (6,28-30).
Compared with the other two types of taxanes, CTX has a poor
affinity for P-gp, suggesting that patients treated with CTX
might be less likely to develop resistance (4,31). It is therefore
crucial to develop a treatment alternative to PTX for patients
with PC. In the present study, CTX sensitivity was compared
with PTX in PC cell lines. The results from CCK-8 and colony
formation assays demonstrated that CTX was more effective
than PTX in inhibiting AsPC-1 and BxPC-3 cell proliferation.
Furthermore, in PC cell lines, CTX was efficient at inducing
cell cycle arrest in the G2/M phase and promoting apoptosis
at low concentration. In vivo, CTX also significantly inhibited
tumor growth. However, treatment with same dose of PTX did
not have the same effects. These findings suggested that CTX
may be used in replacement of PTX in the treatment of PC.
NF-«kB serves a crucial role in inflammation and immu-
nity, and a previous study reported that NF-kB pathway
activation is also important for tumor development (14).
Reticuloendotheliosis (REL) protein family provided the main
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evidence linking NF-kB to cancer. The main type of REL
includes RELA, also known as p65. The first step of the classical
NF-«B activation pathway is the activation of the IKK complex
inhibitor. Subsequently, IKK phosphorylates the NF-kB-bound
IxB, which contributes to the ubiquitin-dependent degradation
of IkB, resulting in the nuclear translocation of the p65-p50
dimer (14). This process induces cancer cell proliferation
and inhibit their apoptosis. Certain stimuli, including tumor
necrosis factor-a, CD40L, interleukin-1 or lipopolysaccha-
rides, can cause NF-kB pathway activation (13,32). However,
numerous studies reported that PTX can NF-kB pathway acti-
vation in immune or tumor cells (19,20). Both CTX and PTX
are taxanes, and CTX must be identical to PTX in some ways.
In the present study, NF-kB activation was determined in PC
cell lines treated by CTX by western blotting and immuno-
fluorescence. The results demonstrated and increased nuclear
translocation of NF-xB p65. In addition, phospho-IKKa/f,
phospho-IkBa and phospho-NF-kB p65 were also upregu-
lated in PC cells treated with CTX. Subsequently, it was
important to determine whether NF-kB pathway activation
may affect CTX cytotoxicity. To do so, AsPC-1 and BxPC-3
cell lines overexpressing NF-kB p65 were designed, and cell
proliferation following treatment with different concentrations
of CTX was evaluated. The results demonstrated that NF-xB
p65 overexpression attenuated CTX cytotoxicity, suggesting
that NF-kB may serve a crucial role in PC cell sensitivity to
CTX. Over the last decades, preclinical and clinical studies

reported that NF-kB activation serves a central role in drug
resistance (33,34). Subsequently, it is hypothesized that NF-xB
may influence CTX resistance. CTX exerts its effects mainly
by binding to tubulin and therefore suppressing microtubule
dynamics during cell division (31); however, the activation
of NF-«xB offset part of the effects that CTX made on the
expression of cell apoptosis-related proteins and G2/M phase
arrest-related proteins (14,35). As a nuclear factor, NF-kB
might regulate the transcription of apoptosis-related proteins
and G2/M phase arrest-related proteins, leading to CTX resis-
tance. The results from the present study demonstrated that
Bcl-2 may be regulated by NF-«B; however, further investiga-
tion is required to confirm this hypothesis. At present, there are
only a few reports on CTX resistance, and no cell or animal
models of CTX resistance have been studied.

In the present study, an inhibitor of NF-kB was selected
to explore the pharmacological effects of CTX. CAPE is a
specific inhibitor of NF-kB activation that doesn't function by
blocking the degradation of IxBa, but by directly suppressing
NF-kB protein interaction with DNA (21,36,37). The present
study demonstrated that combination of CTX with CAPE had
better effects on the inhibition of PC cell proliferation and the
stimulation of PC cell apoptosis compared with CTX alone.
Furthermore, results from in vivo experiments demonstrated
that tumor growth inhibition was significantly increased in the
combination group compared with the group treated with CTX
alone. Previous clinical studies reported that CTX can greatly



improve the survival of patients with prostate cancer (6,11);
however, some adverse effects are observed when patients
received intravenous injection of 25 mg/m* CTX over 1 h
every 3 week (38), which is also the case with other taxanes.
The present study demonstrated therefore that the combina-
tion of CTX and CAPE may allow the diminution of CTX
dose, which may alleviate the potential onset of side effects.
Previous studies reported that Bcl-2 expression is regulated by
NF-«B signaling (39,40). The present study demonstrated that
Bcl-2 was downregulated following treatment with the NF-kB
inhibitor CAPE, and the increased cleaved-PARP expression
could explain the increased apoptosis in the combination group.
The findings from the present study highlighted the potential
synergy between CTX and CAPE, and suggested that CAPE
may enhance CTX pharmacological effects in patients with PC.

CTX is a drug without any modification used in our study,
however, albumin-bound PTX is a clinical drug that uses
albumin as a carrier for PTX. In order to eliminate the effect
of albumin on the experiment, PTX was chosen in the present
study. Previous studies have reported nanoparticle-CTX
delivery (41-43). The present study provided evidence for the
use of modified CTX to replace albumin-bound PTX in PC
treatment, due to its low resistance rate and its strong effect on
tumor growth inhibition. The present study also highlighted the
crucial role of NF-«B activation in PC cell sensitivity to CTX.
NF-«kB inhibition enhanced CTX-induced toxicity in PC cells,
suggesting that activation of NF-kB may influence CTX resis-
tance. However, further investigation is required to validate
this hypothesis. In addition, combining CTX with a NF-kB
inhibitor may be considered as an effective way to reduce CTX
dosage, which may therefore decrease CTX-mediated adverse
effects. Clinical trial including patients with PC is therefore
required to improve the response prediction of CTX and
optimize therapeutic options for patients. The results from the
present study indicated that CTX may be used in the clinical
treatment of patients with PC.
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