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Thymoquinone (TQ), a drug extracted from the black seeds of Nigella sativa, has been shown to exhibit anti-
inflammatory, anti-oxidant, and anti-neoplastic effects in numerous cancer cells. The effects of TQ on
cyclooxygenase-2 (COX-2) expression and prostaglandin E2 (PGE2) production in MDA-MB-231, however, remain
poorly understood. Western blot analysis and immunofluorescence staining were performed to study the expression
levels of inflammation regulatory proteins in MDA-MB-231. PGE2 assay was conducted to explore the TQ-induced
production of PGE2. In this study, we investigated the effects of TQ on COX-2 expression and PGE2 production in
MDA-MB-231. TQ significantly induced COX-2 expression and increased PGE2 production in a dose-dependent
manner, as determined by a Western blot analysis and PGE2 assay. Furthermore, the activation of Akt and p38
kinase, respectively, was up-regulated in TQ treated cells. Inhibition of p38 kinase with SB203580 and PI3kinase
(PI3K) with LY294002 abolished TQ-caused COX-2 expression and decreased PGE2 production. These results
collectively demonstrate that TQ effectively modulates COX-2 expression and PGE2 production via PI3K and p38
kinase pathways in the human breast cancer cell line MDA-MB-231.
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Introduction

Breast cancer is one of the most common cancers

observed in women, and its incidence rate continues to

rise rapidly throughout the world in young women

(Jemal et al. 2010). Because Asian women generally

ingest more natural plant products, such as fruits and

vegetables, than Western women, the incidence of

breast cancer in Asian women is lower than that in

Western women (Ziegler et al. 1993). These results

suggest the possibility of using plant products as

alternative medicines for breast cancer.

Cyclooxygenase (COX) enzymes catalyze the con-

version of arachidonic acid to prostaglandins (PGs)

(Smith et al. 2000). COXs mediate numerous physio-

logical and pathophysiological effects, including home-

ostasis, pain, fever, and inflammation (O’Banion 1999).

Two forms of COX have been identified: COX-1 and

COX-2 (Smith et al. 1996). COX-1 is a stable protein

that is constitutively expressed in resting cells of many

tissues. In contrast, COX-2 is a stimulus-inducible

protein whose expression is short-lived in epithelial,

endothelial, smooth muscle, and fibroblast cells (Smith

et al. 1996). Numerous studies have also confirmed that

COX-2 plays an important role in tumorigenesis in

significant premalignant and malignant tumors (Stasi-

nopoulos et al. 2008). Its over-expression in tumors was

found to stimulate angiogenesis by PGs and increases

the resistance to apoptosis, and it can also cause local

immune suppression (Costa et al. 2002). As a result,

some tumors expressing COX-2 are reported to inhibit

clinical behavior. In breast cells, in particular, COX-2

expression was only shown in tumor breast cells and

was not detected in normal breast cells (Costa et al.

2002). The over-expression of COX-2 has been found

to adversely affect the prognosis in breast cancer (Park

et al. 2006).

Previous studies have shown that the seeds of the

medial plant Nigella sativa and its oil extract, thymo-

quinone (TQ), possess anti-tumor, anti-oxidant, and

anti-inflammatory activities in conjunction with a

number of diseases (Ali and Blunden 2003; El Mezayen

et al. 2006). However, there are no data concerning the

underlying mechanisms of TQ on COX-2 expression

and prostaglandin E2 (PGE2) production in MDA-

MB-231 cells.

The expression of COX-2 was reported to be

modulated through the signaling pathway of mitogen-

activated protein kinases (MAPKs), such as p38, ERK

and JNK, and PI3kinase(PI3K) in a wide variety of

cancer cells (Yoon et al. 2011).

However, the effects and mechanisms of TQ on

COX-2 expression and PGE2 production are not

clearly understood in MDA-MB-231 cells. So, we

analyzed the effects of TQ on COX-2 expression and

PGE2 production with a focus on the PI3kinase and

p38 kinase pathways in human breast cancer cell lines,

MDA-MB-231 cells.
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Materials and methods

Cell cultures

MDA-MB-231 cell line was obtained from American
Type Culture Collection (ATCC, Rockville, MD, USA).

MDA-MB-231 cells were maintained in RPMI-1640

medium (Invitrogen, Burlington, ON, Canada) contain-

ing 10% fetal bovine serum (FBS), 50 mg/ml streptomy-

cin, and 50 units/ml penicillin. Fetal calf serum was heat

inactivated for 30 min in a 56 8C water bath before use.

Cell cultures were grown at 37 8C, in a humidified

atmosphere of 5% CO2 in a SANYO CO2 incubator.

Western blot analysis

Proteins were isolated in cold radioimmunoprecipita-

tion assay (RIPA) buffer [50 mM Tris�HCl (pH 7.4),

150 mM NaCl, 1% NP-40, and 0.1% sodium dodecyl
sulfate (SDS), supplemented with protease inhibitors

and phosphatase inhibitors] and equal amounts of

total cellular proteins were resolved by SDS-PAGE and

transferred to nitrocellulose (NC) membranes (What-

man Schleicher and Schuell, Dachen, Germany). The

NC sheet was blocked with 5% nonfat dry milk in Tris-

buffered saline. Antibodies to COX-2 (Cayman Che-

mical, Ann Arbor, MI, USA), pp38 (Cell Signaling
Technology, Denvers, MA, USA), pAkt (Cell Signaling

Technology), and b-actin (Santa Cruz Biotechnology,

CA, USA) were used for probing corresponding NC

blots overnight at 4 8C. Membranes were then washed

three times with Tris-buffered saline/Tween-20 and

incubated with horseradish peroxidase-conjugated sec-

ondary antibody (Sigma-Aldrich, St. Louis, MO, USA)

for 2 h followed by exposure in an LAS-3000 imager
(Fuji Film Co., Tokyo, Japan) according to the

manufacturer’s instructions.

PGE2 assay

MDA-MB-231 cells were seeded in standard 96-well
microtiter plates at 2�104 cells/well. Day 2 cultures

were treated with various reagents, such as TQ

(thymoquinone; Sigma-Aldrich), for 1 h prior to

treatment with LY (LY294002; Calbiochem, San Diego,

CA, USA) or SB (SB203580; Calbiochem). After

incubating the cells for 24 h, the culture medium was

collected, and the amount of PGE2 released by the cells

was determined using enzyme immunoassay kits for
PGE2 (Assay Design Inc., Ann Arbor, MI, USA)

according to the manufacturer’s instructions.

Immunofluorescence staining

MDA-MB-231 cells were fixed with 3.5% paraformal-
dehyde in PBS for 15 min at room temperature. The

cells were permeabilized in PBS containing 0.1% Triton

X-100 for 15 min. The fixed MDA-MB-231 cells were

washed with PBS and incubated for 2 h with the

antibody against COX-2 (Cayman Chemical, Ann

Arbor, MI, USA). Next, the cells were washed and

incubated with secondary antibodies for 1 h. The cells

were washed three times with PBS and observed under

a fluorescence microscope.

Statistics

The values given are means9SEM. The significance

of difference between the experimental groups and

controls was assessed by a one-way analysis of variance

(ANOVA) test. The difference is significant if the

p value is B0.05.

Results

TQ induces COX-2 expression and increases PGE2

production in MDA-MB-231 cells

The cytotoxicity of TQ on MDA-MB-231 cells was

initially determined by the MTT assay (data not

shown). The results showed that the TQ at various

concentrations ranging from 10 to 50 mM exhibited no

cytotoxicity on MDA-MB-231 cells, which were used

for subsequent experiments (data not shown). The first

aim of this study was to determine whether TQ

regulates the expression of COX-2 and the production
of PGE2 in MDA-MB-231 cells. Cells were treated with

various concentrations of TQ for 24 h (Figure 1A, C)

or with TQ at 30 mM for the indicated time period

(Figure 1B, D). As a result, stimulation of cells with

TQ showed a striking increase in COX-2 expression

and PGE2 production, which was apparent within 3 h

after treatment of TQ. COX-2 expression and PGE2

production, respectively, showed a maximum at 3 h,
and the increases remained detectable for up to 24 h

(Figure 1B, D). Concentration-dependent increases

in COX-2 expression and PGE2 production were

measured by Western blot analysis and PGE2 assay

(Figure 1A, C).

The expression of COX-2 is known to regulate a

number of cellular processes through PI3K and p38

kinase signaling pathways (Cao et al. 2007). There-
fore, the activation of PI3K and p38 kinase has the

possibility to TQ-induced COX-2 expression and

PGE2 production. Consequently, activation of PI3K

and p38 kinase, determined by assessing the phos-

phorylation of pAkt and p38, increased in TQ treated

cells (Figure 1). Phosphorylation of p38 and Akt was

up-regulated by TQ in a dose-dependent manner

(Figure 1A) and showed a maximum at 10 min and
at 6 h, respectively (Figure 1B).
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These results show that TQ induces the expression

of COX-2 and the production of PGE2 and increases

phosphorylation of pAkt and p38 in MDA-MB-231

cells.

TQ induces COX-2 expression and increases PGE2

production via PI3K and p38 kinase signaling pathways
in MDA-MB-231 cells

To determine the molecular mechanisms underlying the

COX-2 expression and the PGE2 production of MDA-

MB-231 cells, we applied various concentrations of

inhibitors, LY294002 or SB203580, in the presence of

30 mM TQ and determined the expression of COX-2

and production of PGE2 via a Western blot analysis

and PGE2 assay (Figure 2). TQ-induced COX-2

expression and PGE2 production was abolished by

the addition of inhibitors, LY294002 or SB203580,

respectively, in a concentration-dependent manner.

LY294002 and SB203580 at a concentration of 20 mM

inhibited COX-2 expression and PGE2 production by

approximately 1.5-fold, respectively, compared to TQ-

treated cells (Figure 2).

To obtain supporting data, we also studied the

effects of inhibiting the PI3K and p38 kinase

inhibitors LY294002 or SB20358, alone or in combi-

nation, on TQ-induced COX-2 expression and PGE2

production (Figure 3A). When translational levels of

protein were quantified, expression of COX-2 was

decreased by approximately 1.6-fold by inhibiting

PI3K, whereas it was reduced by 2.3-fold by prevent-

ing p38 compared with TQ-treated cells (Figure 3B).

Inhibition of PI3K and p38 kinase with LY294002 or

SB203580 reduced up-regulation of PGE2 production

by TQ treatment (Figure 3C). PGE2 production was

reduced by 1.6-fold by treatment of LY294002 and by

2.2-fold by treatment of SB203580 (Figure 3C). These

effects suggested that TQ-regulated COX-2 expression

and PGE2 production was inhibited by inhibiting

PI3K than p38 kinase (Figure 3). Also, phosphoryla-

tion of p38 was not changed by treating of LY294002.

Also, treatment of SB203580 showed any effect on

expression of pAkt. These results indicated that COX-

2 expression and PGE2 production by TQ was

regulated by independent pathway, PI3K and p38

kinase, respectively. Co-treatment with LY294002 and

Figure 1. Thymoquinone (TQ) induces COX-2 expression and increases PGE2 production in MDA-MB-231 cells. (A�D) MDA-

MB-231 cells were untreated or treated with specific concentrations of TQ for 24 h or 30 mM TQ for the indicated time periods.

(A, B) Expressions of COX-2, pp38, p38, pAkt, and Akt were detected by a Western blot analysis. Expressions of b-actin were

used as loading controls. (C, D) Secreted PGE2 was determined by an assay kit. The data represent a typical experiment, and

similar results were obtained from four independent experiments (A, B) and as mean values with standard deviation (C, D)

(n �4). *PB0.05, compared with untreated cells.
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SB203580 in the presence of TQ synergistically
showed a decrease of COX-2 expression and PGE2

production (Figure 3A, B).

Consistent with the Western blot analysis data,

immunofluorescence staining showed a decrease of

TQ-induced expression of COX-2 by the addition of

LY294002 or SB203580, respectively (Figure 4).

Taken together, these results suggest that TQ-

induced expression of COX-2 and production of
PGE2 was modulated by PI3K and p38 kinase in

MDA-MB-231 cells.

Discussion

In the present study, we investigated the effects and the

regulatory mechanisms of TQ on the expression of

COX-2 in a breast cancer cell line, MDA-MB-231.

Although COX-2 is important for tumorigenesis, the

underlying regulatory mechanism of COX-2 in MDA-

MB-231 it not yet understood. TQ has been reported

to exert pro-apoptosis and anti-metastasis of various

human cancers both in vitro and in vivo including skin,
prostate, colorectal, ovarian, pancreatic carcinoma,

and leukemia (Velho-Pereira et al. 2011). TQ has

been shown to inhibit growth, increase apoptosis in

cancer cells, whereas it induces minimal toxicity in

normal cells (Shoieb et al. 2003; Gali-Muhtasib et al.

2006). It has been suggested that, owing to these pro-

apoptotic effects, TQ can be exploited as a therapeutic

agent. Increasing evidence suggests that the inhibition

of proliferation by TQ is associated with diminished

COX-2 expression.

However, our results showed a different pattern

compared with most previously reported data (data not

shown). There are no effects on cell growth in response

to TQ in MDA-MB-231.
Another breast cancer cell line, MCF-7, has been

shown to affect cell viability. Treatment of TQ at 10 mM

induced inhibition of cell growth by 15% compared

with the control (Ravindran et al. 2010). In contrast to

MDA-MB-231, MCF-7 has an estrogen receptor and

expresses wild-type p53, a tumor-suppressor protein.

These differences between MDA-MB-231 and MCF-7

may account for the observed results. Also, several

studies have reported that resveratrol, a pharmacolo-

gical inducer of COX-2 in cancer cells, resveratrol

Figure 2. Thymoquinone (TQ) modulates COX-2 expression and PGE2 production through PI3K/p38 kinase signaling in MDA-

MB-231 cells. (A, B) MDA-MB-231 cells were untreated or treated with 30 mM TQ for 24 h in the absence or presence of different

concentrations of SB203580 (SB). (A) Expressions of COX-2, pp38, and p38 were detected by a Western blot analysis. Expression

of b-actin was used as a loading control. (B) Production of PGE2 was determined by an assay kit. (C, D) MDA-MB-231 cells were

untreated or treated with 30 mM TQ for 24 h in the absence or presence of different concentrations of LY294002 (LY). (C)

Expressions of COX-2, pAkt, and Akt were detected by a Western blot analysis. Expression of b-actin was used as a loading

control. (D) Production of PGE2 was determined by an assay kit. The data are typical results from four independent experiments

with similar results (A, C) and as mean values with standard deviation (B, D) (n �4). *PB0.05, compared with untreated cells.
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exerted COX-2 expression and implicated p53-depen-

dent apoptosis in breast, thyroid, head, and neck

squamous cancer cells (Lin et al. 2008). COX-2 has

both positive and negative functions on a case-by-case

basis in cancer cells.

Interestingly, our results revealed that TQ increases

COX-2 expression and PGE2 production in MDA-

MB-231 cells, which was accompanied by the regula-

tion of the PI3K and p38 kinase pathways. MDA-

MB-231 cells have been shown to express COX-2 in a

dose-dependent manner, and the highest expression of

COX-2 was observed at 3 h after treatment of TQ, as

analyzed by a Western blot analysis.

Because the regulatory mechanisms of COX-2 by

TQ are not clearly understood, we treated MDA-MB-

231 with TQ, and the expression of COX-2 and the

Figure 3. Thymoquinone (TQ) regulates COX-2 expression and PGE2 production via PI3K/p38 kinase pathway in MDA-MB-

231 cells. (A�C) MDA-MB-231 cells were untreated or treated with different concentrations of TQ for 24 h or 30 mM TQ for the

specified time periods. (A) Expressions of COX-2, pp38, p38, pAkt, and Akt were detected by a Western blot analysis. Expressions

of b-actin were used as loading controls. (B) The relative amounts of COX-2 were quantified by a densitometric analysis

(Image J program). (C) Secreted PGE2 was determined by an assay kit. The data represent a typical experiment, and similar

results were obtained from four independent experiments (A, B) and as mean values with standard deviation (B) (n �4). PB0.05.

Compared with untreated cells.

Figure 4. Thymoquinone (TQ)-caused COX-2 expression is inhibited by inhibiting PI3K/p38 kinase in MDA-MB-231 cells.

MDA-MB-231 cells were untreated or treated with 30 mM TQ for 24 h in the absence or presence of SB203580 (SB) or LY294002

(LY). Expressions of COX-2 were detected by immunofluorescence staining. The data are typical results from four independent

experiments with similar results.
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production of PGE2 were detected. Although TQ is

known to regulate the expression of COX-2 in various

cell types, this is the first report that TQ caused the

expression of COX-2 in MDA-MB-231.

Cyclooxygenase-2 is regulated through a cell type

specific- and stimulator dependent-pathway, and its

regulation is associated with multiple signaling path-

ways (Schneider and Stahl 1998). Among several

pathways involved in the regulation of COX-2 expres-

sion, pathways of MAPKs (Yang et al. 2000) and

PI3K (St-Germain et al. 2004; Takeda et al. 2004)

appear to play crucial roles such as controlling cellular

physiological and pathophysiological processes, in-

cluding cell differentiation, inflammation, and cell

growth. Also, recent reports suggest that the MAPK

and PI3K pathways are related with PG synthesis

(Takeda et al. 2004).

Consequently, we have evaluated the roles of

MAPK and PI3K in the regulation of COX-2 by TQ

in MDA-MB-231. In this study, we determined the

activation of p38 and Akt. However, ERK and JNK

did not have any effects in response to TQ. Our

findings demonstrate that inhibition of p38 and Akt

with pharmacological reagents abolished TQ-mediated

expression of COX-2 and synthesis of PGE2. All data

suggest that TQ regulates the COX-2 expression and

PGE2 production via the p38 and PI3Kinase signaling

pathways.

Further studies are required to explore the under-

lying effects of TQ on the expression of COX-2 and

the production of PGE2 in MDA-MB-231 cells.
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