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Pancreatic cancer is one of the most lethal solid malignancies featured by rapid disease progression with
no significant clinical symptoms and the treatment of pancreatic cancer remains unmet clinical need. Thus,
to find a novel and potent therapeutic strategy for the treatment of pancreatic cancer is highly desired.
The present study investigated the role and molecular mechanisms of cardamonin in pancreatic cancer cell
line BxPC3. Cells are treated with cardamonin for 48 h and 72 h and evaluated cytotoxicity of cardamonin
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay. Clonogenic assay was applied to
observe the anti-proliferation of cardamonin in pancreatic cancer cell line BxPC3 cells. Hoechst staining
and flow cytometry were used to verify the mechanism of anti-proliferation of cardamonin in pancreatic
cancer cell line BxPC3 cells. The expression of apoptosis-related proteins was evaluated by western blotting
to investigate the molecular mechanism of cardamonin in pancreatic cancer cell line BxPC3 cells. The results
of the present study showed that cardamonin inhibited the proliferation of pancreatic cancer cell line BxPC3
cells with the half maximal inhibitory concentration value of 28.86 pM and 22.83 pM at 48 h and 72 h
respectively. Moreover, cardamonin induced apoptosis in BxPC3 cells via deoxyribonucleic acid damage to
inhibit the pancreatic cancer. Overall, these results suggested that cardamonin has the potential to be used as
a new therapeutic approach for pancreatic cancer.
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Pancreatic cancer is ranked among the top five death-
related solid malignancies in United States!"! and
among all the types of pancreatic cancer, Pancreatic
Ductal Adenocarcinoma (PDAC) accounts for more
than 90 % of pancreatic cancer. In 2018, there was
458 918 new cases reported of PDAC and 432 242
deaths around the world®. The 5 y survival rate of
patients is merely 7 % and the median survival time
is 4-6 mo after diagnosis®. Early diagnosis of the
malignancy is considered the most suitable tool to
combat the disease. Nevertheless, PDAC is featured by
rapid disease progression with no significant clinical
symptoms, resulting early detection and/or treatment
is extremely difficult™. Moreover, little progress has
been made in improving the long-term survival rate of
patients over the past decades?. Only 20 % of patients
are surgically resectable at the time of diagnosis and
chemotherapy or chemoradiotherapy remains the major
therapeutic option for most patients, in particular for
those who suffer from local unresectable or advanced
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metastatic tumors. However, chemotherapy can only
prolong a patient’s life for a few months®. Therefore,
new therapeutic approaches need to be investigated to
improve the treatment of this deadly neoplasm.

Natural products have historically served as an important
source of bioactive agents and immense studies
reported for the purpose of developing effective anti-
tumor compounds!’?.. Natural products like chalcone
was highly studied and some derivatives showed
excellent anticancer effects!'™!!!, Cardamonin (CAD)
is a natural chalcone isolated from Alpinia rafflesiana
(fig. 1A)". It has showed anti-inflammatory, anti-
tumor, anti-microbial effects as well as other biological
activities in the application in researches!!*'3. CAD
significantly inhibited Dextran Sulfate Sodium (DSS)
and 2.4,6-Trinitrobenzene Sulfonic Acid (TNBS)
induced colitis in mice!'®. It also enhances the anti-
proliferative effect of cisplatin on ovarian cancer!'”.
CAD has the ability to alleviate pressure overload-
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induced heart failure through inhibition of oxidative
stress!'®l. Moreover, it modulates cell apoptosis in
several tumors, including nasopharyngeal carcinoma,
prostate cancer and glioblastomal®-2!,

To our knowledge, the anti-tumor activity of CAD
on pancreatic cancer and underlying mechanisms of
CAD on pancreatic cancer cells are not yet identified.
In the current work, Human Pancreatic Cancer Cell
Line (BxPC3) PDAC cells was used for anti-tumor
evaluation of CAD. Cell viability and morphology
were detected by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) and Hoechst
staining. Deoxyribonucleic Acid (DNA) damage and
apoptosis change were appraised by flow cytometry
and western blotting. The results of the present study
revealed that CAD treatment inhibited the proliferation
of pancreatic cancer through inducing apoptosis via
DNA damage in PDAC cells.

MATERIALS AND METHODS
Cell culture:

The human BxPC3 PDAC cell line was kind gifts from
Laboratory of Marine Natural Products Chemistry,
Wenzhou Medical University, China. The BxPC3 cells
were cultured in the Dulbecco's Modified Eagle Medium
(DMEM) (L120, Yuanpei, China) supplemented with
10 % Fetal Bovine Serum (FBS) (04-001-1A, BI,
Israel) and routinely maintained at 37° in a humidified
5 % Carbon Dioxide (CO,) incubator (HERAcell 150i,
Thermo Fisher Scientific, USA).

Cell viability assay:

BxPC3 was seeded in 96-well plates at a density of 5000
cells/well. After overnight incubation, the cells were
treated with a dilution series of the CAD and continued
to incubate for 48 h or 72 h. Then 20 ul of MTT reagent
(4 mg/ml) (C0009S, Beyotime Biotechnology, China)
was added to each well and incubated for 4 h under
standard culture conditions (37°, 5 % CO,). Dimethyl
Sulfoxide (DMSO) (200 pl) was then used to dissolve
the formazan and the absorbance of each well was
measured at 490 nm by a microplate reader (Multiskan
FC, Thermo Fisher Scientific, USA).

Hoechst staining:

BxPC3 was seeded in 96-well plates at a density of
5000 cells/well. After overnight incubation, the cells
were treated with a dilution series of the compounds and
incubation was continued for 48 h. Then culture medium
was removed and 100 pl of 2'-[4-ethoxyphenyl]-5-
[4-methyl-1-piperazinyl]-2,5'-bi-1H-benzimidazole
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trihydrochloride trihydrate (Hoechst 33342) (1 ul/ml )
(C1025, Beyotime Biotechnology, China), in Phosphate
Buffered Saline (PBS) was added to each well and
incubated for 30 min under standard culture conditions,
followed by washing cells with PBS. Fluorescence
images were captured by using an inverted fluorescence
microscope (Ti, Nikon Corporation, Japan) at 460 nm.

Clonogenic assay:

BxPC3 cells were seeded at 500 cells/well onto
6-well plates. Following the treatment of indicating
concentration of CAD, cells were then allowed to
grow for a further 10 d before fixation with methanol
and staining with crystal violet (0.5 % solution). The
number of viable colonies was then counted by Image]
software.

Cell apoptosis detection:

Cell apoptosis caused by CAD was measured with a
Fluorescein Isothiocyanate (FITC)/Annexin V apoptosis
detection kit (C1062S, Beyotime Biotechnology,
China). BxPC3 cells were seeded in a 6-well plate and
treated with indicated concentration of CAD for 24 h.
Cells were collected and washed with ice-cold PBS
and incubated with Annexin V-FITC and Propidium
Iodide (PI) in the dark for 20 min. The cells were then
resuspended with binding buffer and measured using
flow cytometry and analyzed using Flowing Software 2.

Western blotting analysis:

Whole cell extracts were prepared by lysing cells
in Radioimmunoprecipitation Assay (RIPA) sample
buffer (PO013B, Beyotime Biotechnology, China). An
equivalent amount of cell lysate was electrophoresed
on sodium dodecyl sulfate-polyacrylamide gels,
transferred to polyvinylidene difluoride membranes
(Immobilon; Millipore Corporation, Billerica, MA,
USA) and probed with antibodies to B-cell lymphoma 2
(Bcl-2), Bel-2-Associated X protein (Bax), Cytochrome
C and Glyceraldehyde 3-Phosphate Dehydrogenase
(GAPDH) (1:2000; Rabbit mAb; Cell Signaling
Technology, USA) were applied as primary antibodies.
Anti-rabbit Immunoglobulin G (IgG), Horse Radish
Peroxidase (HRP) linked antibody (1:1000; Cell
Signaling Technology, USA) was applied as secondary
antibody. Signals were detected using an enhanced
chemiluminescence system.

Statistical analysis:

Results were compared via one-way Analysis of
Variance (ANOVA) followed by Tukey’s test. All
values were collected from 3 independent experiments
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and expressed as mean+Standard Deviation (SD). A
p value of less than 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

CAD shows inhibition in BxPC3 cells. We first evaluated
the anti-proliferation effect of CAD on the BxPC3 cells.
Cancer cells were treated with different concentrations
of CAD for 48 h and 72 h, DMSO serves as the
negative control. MTT was given and the absorption
was collected. As shown in fig. 1B, CAD significantly
reduced total cell number in a dose-dependent manner.
Prolonged with the treatment of CAD (72 h), it showed
higher decreased in total viable cell number compared
to 48 h treatments, indicated that the proliferation of
BxPC3 cells were persistent and inhibited by given the
compound. The half maximal inhibitory concentration
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were calculated as 28.86 uM and 22.83 uM.

After 48 h treatment of compound, the morphology
of cells was also observed under the microscope. As
shown in fig. 1C, cells became long and tenuous in
the 5 uM and 10 uM groups, most cells developed
pseudopodium. The number of cells significantly
reduced compared with control group. To our surprise,
while there is some change of morphology of cells
in 5 uM and 10 uM, a large number of cells became
round and died after 15 pM treatment of CAD, these
results may indicate that CAD inhibited cancer cells at
low concentration, increasing the concentration have
an effect in killing BXPC3 cells. Taken together, these
results indicated that CAD inhibited cell growth of
pancreatic cancer cells.
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Fig. 1: CAD shows inhibition in BxPC3 cells, (A) The structure of CAD; (B) Relative inhibition of BxPC3 cells after treatment with
indicated concentration of CAD for 48 h and 72 h, (=) 72 h; (--) 48 h; (C) The morphological changes of BxPC3 cells after treating

with CAD for 48 h (200x)
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CAD inhibits proliferation of BxPC3 cells. To further
determine the anti-proliferation of CAD on pancreatic
cancer, the colony formation assay was carried to
measure the colony number after the treatment of
CAD. Then started with 500 cells per well, BxPC3
cells was given indicated CAD concentration for 10 d
before capturing the results. As crystal violet staining
results showed in the fig. 2, the numbers of colonies
were decreased by CAD in a concentration-dependent
manner. | uyM CAD inhibited the growth of PDAC. This
result indicated that CAD inhibited the proliferation of
BxPC3 cells.

CAD induces DNA damage in BxPC3 cells. To
investigate the anti-proliferation effects of CAD on
PDAC, cells treated with 5, 10 and 15 uM CAD for 24
h were analyzed by staining with Hoechst 33342. As the
results shown in fig. 3A and fig. 3B, cells treated with
CAD (10 and 15 pM) induced chromatin condensation
and nuclear shrinkage or fragmentation compared
with no significant change in negative control group.
Moreover, the number of cells with shrinkage nuclei
increased in a concentration-dependent manner after
the treatment of CAD, indicating that CAD may induces
DNA damage of BxPC3 cells and thus inhibiting the
survival of pancreatic cancer cells.

In order to investigate whether CAD induces DNA
damage of BxPC3 cells, the expression of the
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biomarker of DNA damage, the gamma H2A Histone
Family Member X (y-H2AX), was detected by western
blotting. As demonstrated in fig. 3B and fig. 3C, CAD
significantly increased the formation of y-H2AX in
BxPC3 cells. This indicated that the anticancer activity
of CAD involved the induction of DNA damage in
BxPC3 cells which has been predicted.

CAD induces BxPC3 cells apoptosis. To verify the
effects of CAD in inducing apoptosis of pancreatic
cancer cells, BxPC3 cells were treated with 5, 10, 15
uM CAD for 24 h and then they were analyzed by flow
cytometry. As shown in fig. 4A, after treatment with
CAD, a large percentage of BxPC3 cells underwent
apoptosis in a concentration-dependent manner, as
detected by Annexin V/PI analysis.

In order to investigate whether CAD induced BxPC3
cell apoptosis via the effects of apoptosis-associated
proteins, immunoblotting was performed (fig. 4B).
It was found that the pro-apoptotic protein Bax was
upregulated, while the anti-apoptotic protein Bel-2 was
downregulated in BxPC3 cell line. Intrinsic or extrinsic
pathways may be involved in apoptosis, therefore the
expression of cleaved caspase-3 and cytochrome C
were investigated. These apoptotic signaling proteins
increased significantly after 24 h treatment with varying
CAD concentrations (p<0.01).

Fig. 2: Crystal violet staining result of BxPC3 cells after treating with indicated concentration of CAD for 10 d. Each bar represents

mean+SD in 3 independent experiments, *p<0.05; **p<0.01
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Fig. 3: CAD induces DNA damage in BxPC3 cells, (A) Hoechst 33342 staining result of BxPC3 cells after treating with indicated
concentration of CAD for 48 h. White arrow indicated the shrinkage nuclei (200%); (B) The expression of y-H2AX protein in BxPC3
cells after treating with indicated concentration of CAD for 48 h was detected by western blotting. Each bar represents mean+SD
in 3 independent experiments, *p<0.05; **p<0.01
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Fig. 4: CAD induces BxPC3 cells apoptosis, (A) Annexin V-FITC/PI staining result of BxPC3 cells after treating with indicated con-
centration of CAD for 48 h; (B) The expression of cytochrome C, cleaved caspase 3, caspase 3, Bcl-2 and Bax protein in BxPC3 cells
after treating with indicated concentration of CAD for 48 h was detected by western blot analysis. Each bar represents mean+SD
in 3 independent experiments, *p<0.05; **p<0.01

Results showed that CAD regulates the expression of
important pro-apoptotic and anti-apoptotic proteins,
thus inducing apoptosis in pancreatic cancer cells.

Compared with normal pancreatic cells, pancreatic
cancer cells proliferate significantly faster and
resistance to apoptosis®?. About 90 % of pancreatic
cancers have Ki-67 index lower than 50 % and the
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tumor volume doubling time is also significantly shorter
than other tumors. Moreover, pancreatic cancer has a
poor prognosis and is prone to recurrence, which makes
pancreatic cancer one of the most lethal tumors®!. In
addition to resectable pancreatic cancer, the clinical
treatment of pancreatic cancer is mainly treated with
drugs. At present, the commonly used clinical treatment
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plan is gemcitabine monotherapy or a combination of
gemcitabine and other drugs, and the combination of
Fluorouracil, Leucovorin, Irinotecan and Oxaliplatin
(FOLFIRINOX). However, the response rate of single-
drug therapy is only 5 %-10 % and the combined drug
regimen is also limited in improving survival.

CAD has been reported to have therapeutic effects in a
variety of tumors. It inhibits the growth of breast cancer
and induce human melanoma cell apoptosis?***. It can
also promote the degradation of beta (j)-catenin to
inhibit colon cancer proliferation. However, the role of
CAD in the treatment of pancreatic cancer is unknown.
Thus CAD was used to treat the BxPC3 cells and find
out the effects on pancreatic cancer. After the treatment,
CAD shows the ability of inhibiting the proliferation
of BxPC3 cells at low concentrations. By staining with
Hoechst 33342, after CAD’s stimulation, cells nuclei
shrunk and concentrated, the expression of y-H2AX
increased, resulting in the damage of DNA in BxPC3
cells. Further flow cytometry analysis and western
blot analysis showed that after stimulation with the
increasing of Bax, the expression of Bel-2 was reduced.
Meanwhile, the expression of downstream caspase
cascade and cytochrome C were enhanced, so that the
apoptosis of BXPC3 cells were promoted.

As a first-line drug for pancreatic cancer, gemcitabine
has strong toxic and side effects and it is resistant to
long-term use, which limits its application in clinic.
Therefore, gemcitabine in combination with other
drugs is one of the research directions for the treatment
of pancreatic cancer. Gemcitabine is incorporated into
DNA and leads to DNA strand termination, followed
by DNA damage and cell death®®!. Here, CAD showed
the role of inducing DNA damage and apoptosis and
also has certain inhibitory effect on the proliferation of
pancreatic cancer cells. And the undergoing mechanism
of the effect from CAD in pancreatic cancer need
further study.
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