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Abstract. Safe, affordable and efficacious agents are urgently 
required for cancer prevention. Sesamin, a lipid‑soluble lignan 
from sesame (Sesamum indicum) displays anticancer activities 
through an unknown mechanism. In the present study, the 
anticancer activity of sesamin via cyclooxygenase 2 (COX2) 
was investigated in lung cancer. Quantitative polymerase chain 
reaction was performed to determine the mRNA expression 
levels of COX2 in cells, while western blot analysis was used 
to determine its protein expression levels. Cell proliferation 
was evaluated by Cell Counting Kit‑8 assay, while apoptosis 
and cell cycle analyses were conducted by flow cytometry. The 
results indicated that COX2 expression was upregulated in lung 
cancer cell lines compared with human normal lung epithelial 
cell line BEAS‑2B and sesamin was demonstrated to decrease 
the levels of COX2, inhibit the proliferation of lung cancer 
cells and promote their apoptosis in a concentration‑dependent 
manner. Furthermore, decreased COX2 expression potenti-
ated sesamin‑induced apoptosis and G1‑phase arrest, which 
was correlated with the suppression of gene products associ-
ated with cell apoptosis (Bcl‑2 and Bax) and the cell cycle 
(cyclin E1). In addition, cotreatment with the COX2 inhibitor 
CAY10404 and sesamin downregulated the expression of 
downstream molecules of COX2 [including interleukin (IL)1β, 
IL6 and tumor necrosis factor α] compared with CAY10404 
or sesamin alone. Furthermore, cotreatment with sesamin and 
CAY10404 markedly reduced the levels of phosphorylated 
protein kinase B (pAkt) and phosoinositide 3 kinase (PI3K) 
in three lung cancer cell lines. PI3K expression was observed 
to be under the control of COX2, possibly forming a negative 

feedback loop. In addition, PI3K depletion induced apoptosis 
and G1‑phase arrest in A549 cells. These results suggested that 
sesamin blocked the pAkt‑PI3K signaling pathway by down-
regulating the expression of COX2, therefore resulting in cell 
cycle arrest and increased apoptosis in vitro. In conclusion, 
inhibition of COX2 increased the sensitivity of lung cancer 
cells to sesamin by modulating pAkt‑PI3K signaling. These 
results may aid the development of more selective agents to 
overcome cancer.

Introduction

Lung cancer is the most common malignancy and the leading 
cause of cancer‑associated mortality worldwide  (1). In the 
USA, there were 222,500 newly diagnosed cases of lung cancer 
and 155,870 mortalities due to lung cancer in 2017, according 
to statistics reported by Siegel et al (2). Currently, there are 
two recognized subtypes of lung cancer, non‑small cell lung 
cancer (NSCLC) and small cell lung cancer. Clinically, 
NSCLC accounts for >80% of the total incidence of lung 
cancer (3). Chemotherapy is one of the most effective solutions 
for lung cancer. However, due to the frequent alterations in 
chemotherapy regimens, chemotherapy resistance is a major 
problem in clinical practice and, importantly, its underlying 
mechanisms remain to be elucidated (4).

Sesamin, a type of lignan, is a biologically active compound 
extracted in large quantities from Sesamum  indicum  (5). 
Sesamin has various valuable biological functions, including 
protection against oxidative stress, anti‑inflammation and the 
inhibition of carcinogenesis (6). A previous study revealed 
that sesamin decreased the frequency of chemical induction 
of breast tumors and enhanced liver detoxification (5). In 
addition, sesamin reduced lipopolysaccharide (LPS)‑induced 
acute lung injury in mice  (7) and inhibited LPS‑induced 
cell proliferation and invasion in prostate cancer cells (8). 
However, the effect of sesamin on lung cancer and the 
molecular mechanism implicated in this process remain 
largely unknown.

Cyclooxygenase 2 (COX2) is one of the two subtypes of 
COX, which is considered to be involved in inflammation and 
carcinoma progression (9). COX2 may be induced by various 
stimuli, including growth factors, oncogenes, cytokines and 
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hormones (10). It has been reported that COX2 may serve 
an important role in lung carcinogenesis. Overexpression of 
COX2 is common in NSCLC and appears to be associated 
with tumor progression and metastasis (11). However, whether 
COX2 regulates chemosensitivity toward sesamin in lung 
cancer cells and the mechanisms associated with this process, 
are still under investigation.

The present study investigated the effect of COX2 on 
sesamin‑induced apoptosis and the cell cycle in lung cancer 
cells via the Akt/PI3K signaling pathways. The present 
results may provide a valuable insight into the mechanism of 
sesamin‑induced progression and development of lung cancer.

Materials and methods

Cell culture. The lung cancer cell lines A549, NCI‑H446 
and H1299 were purchased from the American Type Culture 
Collection (Manassas, VA, USA). The human normal lung 
epithelial cell line BEAS‑2B was obtained from the Stem Cell 
Bank of the Chinese Academy of Sciences (Shanghai, China). 
All cell lines were cultured in RPMI‑1640 medium (HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) containing 
10% fetal bovine serum (ExCell Bio, Inc., Shanghai, China) 
and incubated at 37˚C with 5% CO2. Lung cancer cells were 
treated with 25 µM CAY10404 (a COX2 inhibitor; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) for 2 h. Subsequently, 
the cells were incubated for additional 24  h with 50  µM 
sesamin (Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China). In the case of A549 cells, these were treated 
with 10  µM LY294002 (a PI3K inhibitor; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) for 24 h (12).

Cell Counting Kit (CCK)‑8 assay. Cell proliferation was 
detected by CCK‑8 analysis (Dojindo Molecular Technologies, 
Inc., Rockville, MD, USA). Briefly, lung cancer cells 
(5x103  cells/100  µl/well) were seeded in a 96‑well plate 
(Corning Incorporated, Corning, NY, USA). After 24 h, the 
cells were treated with 0, 10, 50, 100 and 150 µM sesamin for 
0, 24, 48 and 72 h. Subsequently, 10 µl CCK‑8 solution was 
added to each well and the absorbance at 450 nm was read 
following incubation for 3 h at 37˚C (3).

Cell apoptosis assay. Cell apoptosis was analyzed using 
an apoptosis detection kit [Multisciences (Lianke) Biotech 
Co., Ltd., Hangzhou, China] according to the manufacturer's 
protocol. In brief, treated lung cancer cells were resus-
pended in 500 µl 1X Binding Buffer and incubated with 
10 µl propidium iodide (PI) and 5 µl Annexin V‑fluorescein 
isothiocyanate (FITC). Following 5 min of incubation in 
the dark, flow cytometric analysis was conducted using a 
FACScan flow cytometer (BD Biosciences, Franklin Lakes, 
NJ, USA) and a FlowJo 7.6 software (1997‑2008; FlowJo 
LLC, Ashland, OR, USA) (13).

Cell cycle assay. Cell cycle was determined with a cell cycle 
detection kit [Multisciences (Lianke) Biotech Co., Ltd.] 
according to the manufacturer's protocol. In brief, treated 
lung cancer cells were resuspended in 10 µl permeabiliza-
tion solution and 1  ml DNA staining solution. Following 
30 min of staining at room temperature, flow cytometric 

analysis was conducted using a FACScan flow cytometer 
(BD Biosciences) (14).

Western blot assay. The cells were lysed in radioimmunopre-
cipitation assay buffer (Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China). Protein concentration was deter-
mined with a bicinchoninic acid protein assay kit (Beyotime 
Institute of Biotechnology, Haimen, China). Proteins 
(40 µg/sample) were separated by 12% SDS‑PAGE and trans-
ferred to a polyvinylidene fluoride membrane (0.2 µM; EMD 
Millipore, Billerica, MA, USA). The membranes were blocked 
in 5% bovine serum albumin (Beijing Solarbio Science & 
Technology Co., Ltd.) in TBS with 0.1% Tween-20 for 2 h at 
room temperature and incubated with primary antibodies at 
4˚C overnight. Antibodies against COX2 (cat. no. 12282), Bcl‑2 
(cat. no. 15071), Bax (cat. no. 5023), cyclin D1 (cat. no. 2922), 
cyclin B1 (cat. no. 12231), cyclin A2 (cat. no. 4656), interleukin 
(IL)1β (cat. no. 12242), IL6 (cat. no. 12153), tumor necrosis 
factor (TNF)α (cat. no. 3707), AKT (cat. no. 9272), pAKT 
(cat. no. 4060), PI3K (cat. no. 4257), mammalian target of 
rapamycin (mTOR; cat. no. 2972) and GAPDH (cat. no. 5174; 
1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA) 
were used. Upon washing, the membranes were incubated 
with secondary antibodies [Goat anti‑rabbit immunoglobulin 
(Ig)G‑horseradish peroxidase (HRP) cat. no. BA1054 or goat 
anti‑mouse IgG‑HRP cat. no. BA1050; 1:5,000; Wuhan Boster 
Biological Technology, Ltd., Wuhan, China] for 2 h at room 
temperature. The protein bands were detected by chemilumi-
nescence (Western blotting detection kit, cat. no. K‑12045‑D10; 
Advansta, San Jose, CA, USA). Densitometric analysis was 
performed by Tanon GIS version  4.1.2 software (Tanon 
Science and Technology Co., Ltd., Shanghai, China) (15). 

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) assay. Total RNA was extracted from lung cancer 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The concentration of RNA was quantified 
using NanoDrop 2000 (NanoDrop Technologies; Thermo 
Fisher Scientific, Inc., Wilmington, DE, USA) and the RNA was 
then reverse‑transcribed into cDNA using an RT kit (Thermo 
Fisher Scientific, Inc.). The procedure for reverse transcrip-
tion included an annealing step of 10 min at 65˚C, followed 
1 h at 42˚C, 5 min at 85˚C and immediately placed in ice. 
RT‑qPCR was performed using LightCycler 480 SYBR‑Green 
I Master (16) (Roche Applied Science, Madison, WI, USA) 
to detect COX2 mRNA expression. GAPDH was used as 
the internal control. The primer sequences used in RT‑qPCR 
were as follows: COX2, 5'‑TCA​AAA​CCG​AGG​TGT​A‑3' 
(sense) and 5'‑GTG​GGT​AAG​TAT​GTA​GTG​C‑3' (antisense); 
and GAPDH, 5'‑AAG​CCT​GCC​GGT​GAC​TAA​C‑3' (sense) 
and 5'‑GCATCACCCGGAGGAGAAAT‑3' (antisense). The 
procedure for qPCR included an initial denaturation of 15 min 
at 95˚C, followed by 40 cycles of 10 sec at 95˚C, 22 sec at 55˚C 
and 30 sec at 72˚C (17). 

Statistical analysis. All experiments were repeated three 
times. One‑way analysis of variance and Fisher's exact 
test was performed to evaluate the differences between 
groups using SPSS  18.0 (SPSS, Inc., Chicago, IL, USA). 
The data are expressed as the mean ± standard deviation. 
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P<0.05 was considered to indicate a statistically significant 
difference.

Results

Cytotoxic effect of sesamin against human lung cancer 
cells. To evaluate the effect of sesamin on lung cancer cells, 

A549, NCI‑H446 and H1299 cells were treated with 0, 10, 
50, 100 and 150 µM sesamin for 0, 24, 48 and 72 h. Sesamin 
significantly inhibited the proliferation of lung cancer cells 
A549 and NCI‑H446 in a concentration‑dependent manner 
compared with the cells treated with 0 µM sesamin, which 
served as the control (P<0.05; Fig. 1A). In H1299 inhibition 
was only significant at 100 µM or over. Furthermore, the 

Figure 1. Sesamin inhibits the proliferation and promotes the apoptosis of lung cancer cells. (A) A549, NCI‑H446 and H1299 cells were treated with 0, 10, 50, 
100 and 150 µM sesamin for 0, 24, 48 and 72 h, and the cytotoxicity of sesamin was detected by Cell Counting Kit‑8 assay. (B) The above three cell lines were 
treated with the indicated concentrations of sesamin for 24 h and flow cytometry analysis was performed to examine sesamin‑induced apoptosis. *P<0.05 and 
**P<0.01 vs. 0 µM. p‑Akt, phosphorylated protein kinase B, PI3K, phosphoinositide 3 kinase; mTOR, mammalian target of rapamycin; COX2, cyclooxygenase 2.
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results of the flow cytometry analysis of Annexin V‑FITC 
and PI double staining indicated that sesamin promoted the 
apoptosis of lung cancer cells in a concentration‑dependent 
manner compared with the control (Fig. 1B). Therefore, these 
results suggested that sesamin possesses an antitumor role in 
lung cancer cells.

Sesamin regulates the expression of COX2 in lung cancer cells. 
To investigate the role of COX2 in the cytotoxic effect of sesamin 
on A549, NCI‑H446 and H1299 cells, the expression of COX2 
was detected in the above lung cancer cell lines. As presented in 
Fig. 2A and B, the protein and mRNA expression levels of COX2 
were markedly upregulated in lung cancer cells compared with 
BEAS‑2B cells. Furthermore, as presented in Fig. 2C and D, 
sesamin decreased the protein and significantly decreased the 
mRNA expression levels of COX2 in A549, NCI‑H446 and 
H1299 cells in a dose‑dependent manner (P<0.05). These results 
suggested that sesamin serves an antitumor role by regulating 
the levels of COX2 in lung cancer cells.

Inhibition of COX2 expression enhances sesamin‑induced 
lung cancer cells apoptosis. To clarify the role of COX2 

expression inhibition in sesamin‑induced insensitivity of lung 
cancer cells, CAY10404, a COX2 inhibitor, was used. As 
presented in Fig. 3A and B, CAY10404 repressed the mRNA 
and protein level of COX2 compared with the control. In 
addition, lung cancer cells were treated with sesamin in the 
presence or absence of CAY10404. As presented in Fig. 3C 
and D, cotreatment with CAY10404 and sesamin significantly 
increased the apoptosis of lung cancer cells (P<0.01) and 
the expression of the pro‑apoptotic protein Bax, whereas it 
decreased the expression of the anti‑apoptotic protein Bcl‑2. 
These results suggested that selective inhibition of COX2 
enables sesamin to induce apoptosis in lung cancer cells.

Inhibition of COX2 expression enhances sesamin‑induced 
cell cycle arrest. The present study determined that COX2 
expression served a role in sesamin‑induced cell cycle arrest in 
lung cancer cells. The percentage of G1‑phase cells increased 
upon cotreatment with sesamin and CAY10404 (Fig. 4A). 
In addition, cotreatment with CAY10404 and sesamin 
significantly repressed expression of the G1‑phase protein 
cyclin D1 (P<0.05) and the G2/M‑phase protein cyclin B1, 
but stimulated expression of the S‑phase protein cyclin A2 

Figure 2. Sesamin downregulates the expression of COX2 in lung cancer cells. The protein and mRNA expression levels of COX2 were respectively evaluated 
by (A) western blotting and (B) quantitative polymerase chain reaction in three lung cancer cell lines and in BEAS‑2B cells. *P<0.05 and **P<0.01 vs. BEAS‑2B 
cells. The lung cancer cells were treated with the indicated concentrations of sesamin for 24 h. Subsequently, the (C) protein and (D) mRNA levels of COX2 
were respectively analyzed as in (A) and (B). *P<0.05 and **P<0.01 vs. 0 µM. COX2, cyclooxygenase 2.
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Figure 3. COX2 inhibition promotes sesamin‑induced lung cancer cell apoptosis. Following treatment with 25 µM CAY10404 (a COX2 inhibitor) for 24 h, the 
protein and mRNA expression levels of COX2 were, respectively, evaluated by (A) western blotting and (B) quantitative polymerase chain reaction in A549, 
NCI‑H446 and H1299 cells. (C) A549, NCI‑H446 and H1299 cells were treated with 25 µM CAY10404 for 2 h and incubated for additional 24 h with 50 µM 
sesamin. Cell apoptosis was analyzed by flow cytometry upon staining with Annexin V‑fluorescein isothiocyanate/propidium iodide. **P<0.01 and ***P<0.001 
vs. the control. COX2, cyclooxygenase 2.
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(Fig. 4B). These results indicated that downregulated COX2 
expression increased sesamin‑induced G1‑phase arrest, which 
was associated with the altered expression of cell cycle associ-
ated proteins.

Cotreatment with CAY10404 and sesamin strengthens 
the inhibition of the expression of COX2 downstream 
molecules. IL1β, IL6 and TNFα are downstream molecules 
of COX2 (18). To further elucidate the involvement of COX2 
in the sesamin‑mediated regulation of lung cancer cells, the 
expression of the above downstream proteins was detected. The 
results indicated that the levels of these molecules were down-
regulated, particularly upon cotreatment with CAY10404 and 
sesamin (Fig. 5). These results suggested that sesamin exhibits 
an anticancer role in lung cancer cells and that downregulation 
of COX2 expression potentiates its antitumor effect.

Sesamin inhibits the pAkt‑PI3K signaling pathway by 
inhibition of COX2 expression. To investigate the molecular 
mechanism of sesamin‑induced apoptosis via COX2, the 
expression levels of Akt, pAkt, PI3K and mTOR in lung cancer 
cells treated with sesamin and/or CAY10404 were determined 
by western blotting. As presented in Fig. 6A, cotreatment with 
sesamin and CAY10404 markedly reduced the levels of pAkt 
and PI3K in three lung cancer cell lines. The PI3K inhibitor 
LY294002 decreased the expression of PI3K while partially 
upregulating the expression of COX2. However, the effect 
was not statistically significant in A549 cells (Fig. 6B). These 
results indicated that PI3K was under the control of COX2 
and possibly formed a negative feedback loop. In addition, 
inhibition of PI3K expression induced apoptosis (Fig. 6C) 
and G1‑phase arrest (Fig. 6D) in A549 cells. These results 
suggested that sesamin inhibits the pAkt‑PI3K signaling 
pathway by decreasing the expression of COX2, which leads 
to cell cycle arrest and the induction of apoptosis in vitro.

Discussion

Lung cancer is the leading cause of cancer‑associated mortality 
in males and females worldwide (19). Plant‑derived agents are 
widely applied as adjuvant or supplemental agents in cancer 
therapy. Sesamin has gained attention recently due to its anti-
tumor effects (20). The present study identified that sesamin 

is able to suppress the proliferation and promote the apoptosis 
of lung cancer cells in a concentration‑dependent manner, 
indicating that sesamin is relatively effective in lung cancer, 
similar to the effects reported in other cancer types, including 
breast cancer (21), human hepatocellular carcinoma (22), colon 
cancer, prostate cancer and pancreatic cancer (23). Previous 
studies have demonstrated that COX2 expression is strongly 
associated with cancer progression in various human tumor 
types (10,24). COX2 been reported to be one of the important 
target molecules in tumor treatment (25). Shimizu et al (26) 
observed that COX2 transcriptional activities decreased by 
50% in the presence of 100 µM sesamol (one of the lignans 
in sesame seeds), while other compounds in sesame seeds, 
including sesamin, did not exhibit significant inhibition of 
COX2 transcriptional activity at ≤100 µM in colon cancer 
cells. However, the present study noted that COX2 was highly 
expressed in lung cancer cells and that sesamin dose‑dependently 
decreased the protein and mRNA levels of COX2. Therefore, 
it is reasonable to consider that sesamin inhibits lung cancer 
development at least partially by decreasing the expression of 
COX2. 

Furthermore, upregulation of COX2 expression may be 
a cause of cancer development, metastasis and chemoresis-
tance (27). The present study revealed that inhibition of COX2 
with CAY10404 enhanced the sensitivity of lung cancer cells 
toward sesamin by inducing apoptosis and G1‑phase arrest. In 
addition, IL1β, IL6 and TNFα were confirmed as downstream 
molecules of COX2 (18). In the present study, cotreatment 
with CAY10404 and sesamin downregulated the levels of 
these molecules, indicating that COX2 is an important target 
of sesamin in lung cancer and that downregulated COX2 
can improve the antitumor effect of sesamin. Li et al  (28) 
observed that increased COX2 expression was associated 
with chemosensitivity and poor prognosis in cervical cancer, 
and that upregulated COX2 impeded chemosensitivity to 
dichloroacetate (DCA), while the combination of the COX2 
inhibitor celecoxib with DCA enhanced the chemosensitivity 
to DCA in cervical cancer cells. Other studies have suggested 
that knocking down COX2 expression effectively increases 
the chemosensitivity of human gastric cancer cells (29) and 
laryngeal carcinoma cells (27). By contrast, a previous study 
indicated that COX2 is regulated by positive and negative 
mechanisms (30). Therefore, it is necessary to investigate the 

Figure 3. Continued. COX2 inhibition promotes sesamin‑induced lung cancer cell apoptosis. (D) Cells were treated as in (C) and the expression of the 
pro‑apoptotic protein Bax and the anti‑apoptotic protein Bcl‑2 was evaluated using western blotting. 
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role of the COX2 network in the sesamin‑induced apoptosis 
of lung cancer cells to fully understand the oncogenic 
mechanisms of COX2.

A previous study reported that COX2 affects Akt 
activation, which is involved in bladder development (31). In 
the present study, the reduction in COX2 resulted in an increase 
in sesamin‑induced Akt activity and a decrease in PI3K. In 

addition, the present results revealed that inhibition of PI3K 
with LY294002 improved apoptosis and induced cell cycle 
arrest at the G1 phase. Importantly, LY294002 decreased the 
expression of PI3K, while partially upregulating the expression 
of COX2, although this effect was not statistically significant 
in A549 cells. These results indicated that sesamin inhibits the 
pAkt‑PI3K signaling pathway by decreasing the expression 

Figure 4. Cyclooxygenase inhibition enhances sesamin‑induced cell cycle progression arrest at G1. (A) Lung cancer cells were treated with 25 µM CAY10404 
for 2 h and then incubated for additional 24 h with 50 µM sesamin. Next, the cell cycle was assessed by flow cytometry upon staining with PI. (B) Cells were 
treated as in (A) and the expression of proteins associated with the cell cycle was evaluated using western blotting. *P<0.05, **P<0.01 and ***P<0.001 vs. the 
control.
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Figure 5. Combined treatment with COX2 and sesamin markedly reduces the expression of downstream molecules of COX2. A549, NCI‑H446 and H1299 
cells were treated with 25 µM CAY10404 for 2 h and incubated for additional 24 h with 50 µM sesamin. The expression of IL1β, IL6 and TNFα, which are 
downstream molecules of COX2, was assessed by western blotting. COX2, cyclooxygenase 2; IL, interleukin; TNFα, tumor necrosis factor α.

Figure 6. Decreased COX2 expression inhibits the pAkt‑PI3K signaling pathway and mediates sesamin‑induced apoptosis and cell cycle arrest in lung cancer 
cells. (A) Cells were treated with 25 µM CAY10404 for 2 h and incubated for an additional 24 h with 50 µM sesamin. Next, the expression of Akt, pAkt, 
PI3K and mTOR was assessed by western blotting. (B) A549 cells were treated with 10 µM PI3K inhibitor LY294002 for 24 h and the expression of PI3K 
and COX2 was assessed by western blotting. (C) A549 cells were treated as in (B) and cell apoptosis was analyzed by flow cytometry upon staining with 
Annexin V‑fluorescein isothiocyanate/propidium iodide, while (D) the cell cycle was assessed by flow cytometry upon staining with PI. p‑Akt, phosphorylated 
protein kinase B, PI3K, phosphoinositide 3 kinase; mTOR, mammalian target of rapamycin; COX2, cyclooxygenase 2.
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of COX2, therefore regulating cell cycle arrest and inducing 
apoptosis in vitro. In addition, COX2 and PI3K possibly form 
a negative feedback loop. However, further studies unraveling 
the detailed downstream effects of these molecules on cancer 
cells must be conducted.

In conclusion, the present study demonstrated that 
inhibition of COX2 expression enhanced the antitumor 
activity of sesamin via the Akt‑PI3K signaling pathway 
in lung cancer cells. Therefore, a potential feedback loop 
comprising COX2 and PI3K that coordinates the apoptosis 
of lung cancer cells is proposed, which may pave the way 
for the development of potential treatment strategies for 
lung cancer using the combination of sesamin and a COX2 
inhibitor.
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