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Abstract The cellular effects of nobiletin on human

pancreatic cancer cells (PANC-1) and the mechanisms by

which nobiletin inhibits the proliferation of these cells were

investigated. A MTT assay and flow cytometry were used

to examine cell proliferation and apoptosis, respectively. A

Western blot assay was used to examine expression levels

of the apoptotic proteins bax, bcl-2, and p53. NOB induced

apoptosis in these cells via up-regulation of the pro-

apoptotic protein bax and down-regulation of the anti-

apoptotic proteins bcl-2 and p53. The normal cell cycle of

PANC-1 cells was arrested by NOB with a significant

increase in the proportion of G0/G1 phase cells (p<0.05)

and a significant decrease in the proportion of S phase cells

(p<0.05). NOB can inhibit the proliferation of human

pancreatic carcinoma cells by inducing apoptosis and

arresting the cell cycle progression.

Keywords: nobiletin, pancreatic cancer, cell proliferation,

apoptosis, cell cycle

Introduction

Pancreatic cancer is a common malignant tumor with the

4th leading mortality rate among all cancers (1). In 2010,

43,140 new cases of pancreatic cancer were identified in

the United States (2). In China, the incidence of pancreatic

cancer has been increasing yearly, making it one of the

most common causes of mortality in cancer diseases (3). In

spite of the high incidence and mortality rate, only 10%-

15% of patients suffering from this deadly disease are able

to receive medical intervention in China (3). Even when patients

do receive treatment, such as excision and postoperative

chemotherapy, the 5-year survival rate is no greater than

20% because of cancer metastasis at the time of diagnosis

(4). Therefore, developing preventive and/or therapeutic

approaches is of particular importance for better control

and management of this aggressive malignant tumor disease.

Orange juice constitutes most of the worldwide annual

consumption of fruit juice products. The processing of

orange juice generates a considerable amount of by-products

that contain a great quantity of bioactive substances. Some

bioactive substances, such as hesperidin (5), resveratrol (6),

apple polyphenols (7), and cordycepin (8) have been shown

to possess abilities to delay, suppress, or even reverse

carcinogenesis. Nobiletin (NOB) is one of polymethoxylated

flavones that have only been found in citrus by-products

(9-12). The authors further demonstrated that a high level

of NOB is existed in citrus peels, as well as in immature

citrus fruits (9-12). NOB is a strong antioxidant and a free

radical scavenger (13). In the cell cycle process, the genetic

material in the cell is copied and assigned to two daughter

cells. When any one stage in the cell cycle is blocked,

failure of cell division will occur. Apoptosis plays an

important role. The overall cell quantity is retained in a

state of dynamic balance by cell apoptosis and proliferation

(14). This state of balance is usually destroyed in cancer,

and cell proliferation becomes uncontrolled (14), resulting

in cancer development. Therefore, inducing cancer cell

apoptosis and inhibiting cancer cell proliferation are both

important in controlling the development of cancer (14).

Previous studies have shown that NOB is able to inhibit the

growth of various human tumor cells, including neuroblastoma

(15), breast adenocarcinoma (16), gastric adenocarcinoma
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(17), and fibrosarcoma (18). However, the effects of NOB

on pancreatic carcinoma cells and the underlying molecular

mechanisms are not yet completely understood. Therefore,

the objective of this research was to investigate the effect

of NOB on human pancreatic carcinoma cells.

Materials and Methods

Cell lines and Chemicals reagents PANC-1 was obtained

from the Shanghai Cell Bank (Shanghai, China) and

maintained in RPMI 1640 medium supplemented with

10% fetal bovine serum (FBS), 100 U/mL of penicillin,

and 100µg/mL of streptomycin at 37oC under an atmosphere

of normal pressure 5% CO2. NOB was extracted from

citrus by-products collected during processing in December,

2010 mainly from Citrus sinensis (Sweet orange) at

Chongqing Sanxia Fruits Group Co., Ltd. (Chongqing,

China). The purity of the extracted NOB (>97.6%) was

determined using HPLC (Agela Technologies, Co., Ltd.,

Shanghai, China).

Cell proliferation assessment using an MTT assay

PANC-1 cell proliferation was evaluated using a MTT

assay (19). An amount of 1×104 PANC-1 cells was seeded

in 200 µL of RPMI 1640 medium per well in 96-well

plates. NOB was added to each well at a 0-250 µM final

concentration for dose dependent measurements. After

incubation for 24-72 h, 20 µL of MTT (Sigma, Shanghai,

China) was added to each well at a concentration of 5 mg/

mL, followed by an incubation of the plates at 37oC for

4 h. The medium was then removed and 150 µL of 10%

DMSO was added to each well. The plates were centrifuged

at 1,000×g for 10 min and read at 490 nm to obtain optical

density (OD) values using a microplate ELISA reader

(Bio-Tek, Burleigh, QLD, Australia). Cell viability was

calculated as: cell viability (%)=(corrected treated sample

OD/corrected control sample OD)×100%, where corrected

OD is the OD value obtained by deducting the mean raw

OD of the blank wells from the raw OD of the sample well.

Flow cytometric analysis of apoptosis PANC-1 cell

apoptosis was analyzed by using an Annexin-V FITC

Apoptosis Detection Kit (Beyotime, Shanghai, China)

following the manufacturer’s instruction. Briefly, PANC-1

cells at a concentration of 3×106 cells per 2,000 µL in 6-

well plates were cultured in RPMI 1640 medium in the

presence and absence of 100 µM NOB for 48 h. The

medium was removed and the cells were trypsinized, then

centrifuged at 1,000×g for 5 min to remove trypsin. Next,

5 µL of annexin-V-FITC and 10 µL of propidium iodide

from the detection kit were added to each well and the plate

was incubated at room temperature for 10 min in the dark,

followed immediately by flow cytometric analysis. Flow

cytometry was performed on a FACS Vantage SE (Becton

Dickinson, Franklin Lakes, NJ, USA). Flow data were

analyzed using Cell Quest software (Becton Dickinson).

Flow cytometric analysis of the cell cycle Cell cycle

analysis was conducted by using a Cell Cycle Analysis Kit

(Beyotime) following the manufacturer’s instruction.

Briefly, after treatment with and without NOB for 48 h, 106

PANC-1 cells per well in 6-well plates were trypsinized

and centrifuged at 1,000×g for 5 min. The supernatant was

removed and the cells were washed with phosphate

buffered saline (PBS) and fixed with 70% ethanol at 4oC

for 24 h. The cells were then washed and stained with

5 mg/mL of PI and 50 mg/mL of RNase A at 37oC for

30 min. The cellular DNA content and cell cycle phases

were analyzed using flow cytometry on a FACS Vantage

SE (Becton Dicknson, Shanghai China). Flow data were

analyzed using ModFit software (Becton Dickinson).

Western blot assay Cells were collected and dissolved

using an NE-PER kit (Beyotime) following the manufacturer’s

instructions. Equal amounts of protein (30 µg) from

different samples were loaded, size-fractionated using

12.5% SDS-PAGE, and transferred onto PVDF membranes

(Millipore, Billerica, MA, USA) for Western blot analysis.

After transfer, the membranes were blocked in 5% skimmed

milk and then incubated with the primary antibody at 4oC

overnight. After two washes with TBST (50 mM Tris-HCl,

pH 7.4, 150 mM NaCl, 0.05% Tween 20), the membranes

were incubated with horseradish peroxidase-conjugated

antibodies and the signals were detected by using an ECL

PLUS Chemiluminescence Kit (Millipore) followed by

exposure to X-ray film. The intensity of bands on the X-ray

film was analyzed using the UVP gel image processing

system and Labworks 4.6 software (UVP, Upland, CA,

USA). Beta-actin was used as an internal loading control.

 

Statistical analysis All statistical analysis in this study

was conducted using Statistical Product and Service Solutions

software (SPSS, version 16.0; SPSS Inc., Chicago, IL,

USA). Significant differences were considered when p-

values were less than 0.05. Numeric results are expressed

as the mean±standard deviation (SD). All experiments

were conducted in triplicate.

Results and Discussion

Effect of NOB on PANC-1 cell proliferation The effect

of NOB on PANC-1 cell viability and proliferation was

investigated. An MTT assay is a common approach for
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evaluation of cell survival and proliferation based on the

ability of mitochondria in live cells to reduce MTT to the

purple-color compound formazan. A significant dose-

dependent inhibitory effect of NOB on PANC-1 cell

viability was seen at 24-72 h after treatment (Fig. 1). The

minimum effective NOB concentration was 16 µM. At this

concentration, the cell viability was decreased to 77.76±

11.71% at 24 h, compared with a control. However, cell

viabilities were restored to 84.91±6.68% at 48 h and

91.04±11.71% at 72 h. At a concentration of 40 µM NOB,

cell viability decreased to 79.63±10.26% at 24 h, to 76.02

±8.59% at 48 h, and to 57.77±9.52% at 72 h, indicating

NOB inhibition of PANC-1 cell proliferation with time. At

concentrations of 100 µM and 250 µM NOB, similar

patterns in cell viability over time were observed and the

cell survival rate was reduced more. These results indicate

that PANC-1 cells are sensitive to NOB, which exerts a

dose and time dependent effect on PANC-1 cell proliferation

(Fig. 1). To ensure adequate inhibitory effects, 100 µM

NOB and 48 h were used for analysis.

NOB induced apoptosis in PANC-1 cells Inhibition of

PANC-1 cell viability and proliferation associated with the

NOB-induced apoptosis was investigated. Apoptosis was

analyzed using annexin-V-FITC and PI double staining,

followed by flow cytometry. After 48 h of treatment with

and without 100 µM NOB, there was a significant increase

in the proportion of annexin-FITC single positive cells in

NOB-treated samples (16.08±1.98%), compared with

control samples (3.75±0.66%) (p<0.05) (Fig. 2) . There

was also a significant increase in the proportion of annexin-

FITC and PI double positive cells in NOB-treated (12.28±

0.97%) cells, compared with the control (4.18±0.10%)

(p<0.05). In the presence of NOB, both early (annexin-V

single positive) and late apoptotic (annexin-V and PI

double positive) cell proportions were increased, compared

to an absence of NOB.

 

Effects of NOB on expression of apoptotic proteins

Western blot analysis was used to analyze expressions of

the bax, bcl-2, and p53 proteins to further characterize the

mechanism of NOB-induced apoptosis in PANC-1 cells.

Bcl-2 is one of the best known apoptosis-suppressing gene

products (20,21) and bax is a prototype apoptosis-promoting

gene product (22). The Bax/bcl-2 ratio, to some extent,

determines the fate of cells (23). There are both wild-type

and mutation-type p53 cells. Wild-type p53 has an anti-

tumor effect, but mutation-type p53 can promote tumor

development (24). More than half of p53 cells in human

cancer are mutation-type p53 (24). The expression level of

Fig. 3. Effect of NOB on the expression of apoptosis-related
proteins in PANC-1 cells. *p<0.05, **p<0.01 compared with
control. Data are expressed as mean±SME (n=6).

Fig. 1. Effect of NOB on PANC-1 cell viability. Cells were
treated with different concentrations of NOB for 24-72 h. *p<0.05,
**p<0.01 compared with control. Data are expressed as
means±standard deviation (n=6).

Fig. 2. Apoptosis analysis of PANC-1 cells. Apoptosis analysis of
PANC-1 cells induced by 100 µM or free of NOB for 48 h, using
a flow cytometer with Annexin V-FITC/PI binding assay. *p<0.05,
**p<0.01 compared with control. Data are expressed as means±
standard deviation (n=6).
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the pro-apoptotic bax protein was significantly increased in

PANC-1 cells treated with NOB, compared with the

control (p<0.05) (Fig. 3). The expression level of the anti-

apoptotic protein bcl-2 decreased markedly in NOB-treated

cells, compared with control samples (p<0.05). The expression

level of p53 (mutation-type) also decreased in NOB-treated

samples (p<0.05). These results are consistent with apoptosis

detected using annexin-V and PI double staining. Up-

regulation of bax and down-regulation of bcl-2 unbalances

the pro-apoptotic/anti-apoptotic ratio and causes apoptosis,

and is at least partially responsible for the inhibitory effect

of NOB on PANC-1 cell proliferation.

 

NOB induced G0/G1 phase arrest in PANC-1 Cells

Many antitumor compounds execute their anti-tumor

effects by inducing apoptosis or by arresting the cell cycle

at a particular checkpoint, or both (25,26). Cell cycle

analysis using PI staining and flow cytometry was

performed to investigate the potential anti-mitogenic effect

of NOB. In a control group (without NOB) the frequencies

of PANC-1 cells in the G0/G1 phase, S phase, and G2/M

phase were 74.92±0.76%, 18.52±2.72%, and 6.57±0.15%,

respectively (Fig. 4). After treatment with 100 µM NOB

for 48 h, the frequencies of PANC-1 cells in the G0/G1

phase, S phase, and G2/M phase shifted to 81.2±1.43%,

10.09±1.42%, and 8.17±0.94%, respectively (Fig. 4A,

4B). The significant increase in the frequency of cells in

the G0/G1 phase (p<0.05) and the significant decrease in

the frequency of cells in the S phase (p<0.05) upon NOB

treatment indicate that NOB affects PANC-1 cell cycle

progression by imposing a G0/G1 arrest (Fig. 4C). Thus,

PANC-1 cell proliferation was inhibited by NOB. These

results indicate a mechanism that is different from other

anti-tumor compounds by which NOB suppresses PANC-

1 cell proliferation. The effects of casticin, oridonin nano-

suspension, and cantharidin on cell cycle arrest take place

in the G2/M phase (27-29). There was a small, non-

significant increase in the proportion of G2/M phase cells

in NOB-treated cells, compared with non-treated cells

(p>0.05). p53 has an influence on DNA replication and,

thus, influences the cell cycle, so p53 expression is closely

related to the cell cycle (24). Also, p53 expression in

PANC-1 cells in the presence and absence of NOB was

examined because p53 has been seen to cause stagnation of

the cell cycle at the G0/G1 phase in reaction to stress-

induced cellular changes, and to induce apoptosis (30). The

Fig. 4. Flow cytometry analysis of cell cycle phase distribution in PANC-1 cells. A, control; B, PANC-1 cells were treated with 100
µM NOB; C, the cell cycle phase distribution of control and sample. *p<0.05, **p<0.01 compared with control. Data are expressed as
mean±SME (n=6).
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p53 expression level in NOB-treated PANC-1 cells was

lower, compared with non-treated cells, suggesting either

that p53 is not a major contributor to the NOB related G0/

G1 arrest in these cells, or that down-regulation of the

mutated abnormally functional p53. This is the first

mention of mutated abnormally functional p53. NOB has a

negative regulatory role in development of human pancreatic

cancer.

In summary, NOB effectively inhibits the proliferation

of PANC-1 cells by inducing apoptosis and arresting the

cell cycle at the G0/G1 phase. Unbalanced expressions of

pro-apoptotic versus anti-apoptotic proteins are a key

factor that contributes to the inhibitory effects of NOB.

More detailed studies of the role of NOB in pancreatic

cancer in the future will help with development of NOB as

a new drug for cancer treatment or prevention.
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