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Purpose: The aim was to investigate resveratrol effects on A549 cells proliferation.

Methods: A total of 104 lung adenocarcinoma tissues and nontumor tissues were collected. 

BEAS-2B cells were cultured in RPMI 1640 medium (group A). A549 cells were treated with 

RPMI 1640 medium containing different resveratrol concentrations. A549 cells were transfected 

and grouped as follows: blank group, siRNA-negative control group, siRNA-COX-2 group 

and resveratrol + siRNA-COX-2 group. qRT-PCR and Western blot were conducted to detect 

COX-2 expression. MTT assay, soft agar clone assay and flow cytometry were performed to 

assess proliferation and cell cycle.

Results: The relative expression of COX-2 mRNA was significantly increased in lung adenocarcinoma 

tissues (P,0.01) and it was closely related with clinical stages. Resveratrol at 60 μmol/L significantly 

inhibited A549 cells proliferation, S phase cells proportion and COX-2 expression (P,0.01). COX-2 

expression in siRNA-COX-2 group was significantly lower than that in blank group and siRNA-

negative control group (P,0.01). OD
570

 values, colony formation rate and S phase cells proportion 

of resveratrol + siRNA-COX-2 group were much lower than those of other groups (P,0.01).

Conclusion: Resveratrol inhibits A549 cells proliferation by inhibiting COX-2 expression.
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Introduction
Lung cancer, one of the most commonly diagnosed aggressive malignancies, is 

accounting for more than 1 million deaths worldwide.1 According to the statistics, of 

all lung cancer patients, 85% are non-small-cell lung cancer (NSCLC) and 80% of 

lung cancer-related deaths are caused by NSCLC.2 Pathogenic factors of NSCLC are 

complex, such as smoking and air pollution. In most cases, the prognosis of NSCLC 

is very poor. Greatly improved treatment strategies of NSCLC have been developed, 

such as surgical resection, radiotherapy and chemotherapy.3–6 In addition, drug therapy 

is also a major treatment for NSCLC.7 The anti-NSCLC drugs that have been used 

clinically are also diverse, but the effect is still not satisfactory. Therefore, it is urgent 

to find an effective therapeutic drug in the treatment of NSCLC.

Resveratrol, a polyphenol compound, is derived from polygonum cuspidatum.8 Stud-

ies have shown that it has a variety of therapeutic effects, such as antiinflammatory, antihy-

perlipidemia, antibacterial, and antiapoptotic effects.9–11 More importantly, resveratrol has 

been reported to have anticancer effects in cancers such as gastric cancer, breast cancer, 

pancreatic cancer, as well as colon cancer.8,12–14 In addition, the specific mechanisms 

of its anticancer function remain elusive and its application in treating NSCLC is still 

rare. Cyclooxygenase-2 (COX-2) is an inducible enzyme, and in most cases, it is rarely 

expressed in normal tissue cells.15 However, COX-2 expression will be increased if cells 

are exposed to stimulation such as endotoxins and oncogenes. In addition, inflammatory 
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reaction and damaged repair processes of cells can also induce 

overexpression of COX-2.16 COX-2 is reported to be upregu-

lated in a variety of tumors, such as colorectal cancer, breast 

cancer, as well as ovarian cancer, and mechanism might be 

inhibiting the expression of COX-2.17–19

We realized that there was little literature about COX-2 

affecting the development of NSCLC. The efficiency and 

mechanism of resveratrol in the treatment of NSCLC have 

not yet been studied. So in this study, we investigated the 

effect of resveratrol on proliferation of A549 cells to provide 

guidance for the clinical treatment of NSCLC.

Materials and methods
collection of lung adenocarcinoma tissue 
samples
From May 2015 to March 2017, a total of 239 tissue samples of 

patients who were admitted to our hospital for lung adenocar-

cinoma treatment were collected. Patients who met the follow-

ing criteria were included in the study: 1) patients who were 

firstly diagnosed with lung adenocarcinoma; 2) patients who 

did not have previously history of resveratrol medication; 3) 

patients who voluntarily joined the study and signed informed 

consent. Exclusion criteria were as follows: 1) patients with 

other serious organic disease; 2) lactating and pregnant women 

were excluded; and 3) patients who did not volunteer to join 

the study. Finally, 104 lung adenocarcinoma patients meeting 

the above criteria were included. Of these patients, 26 cases 

were in stage I, 31 cases were in stage II, and 47 cases were 

in stage III. Tumor tissues and nontumor tissues of these 

patients were obtained for the detection of COX-2 expression. 

This study has been approved by the ethics committee of the 

Affiliated Hospital of QingDao University. Written informed 

consent was obtained from all participants.

cell culture and grouping
Human lung cancer cell line (A549 cells) and human normal 

lung epithelial cell line (BEAS-2B cells) (purchased from 

American Type Culture Collection, Manassas, VA, USA) 

were cultured in RPMI 1640 medium and the medium was 

containing 10% fetal bovine serum (FBS; Thermo Fisher 

Scientific, Waltham, MA, USA). Then these cells were 

incubated in an incubator with 5% CO
2
 at 37°C.

When these cells had grown to the logarithmic growth 

phase, they were collected and prepared as cell suspensions 

at a density of 1×105 cells/mL. For BEAS-2B cell suspen-

sions, they were continuously cultured in conventional RPMI 

1640 medium and were named as Group A. For A549 cell 

suspensions, they were cultured in RPMI 1640 medium 

containing different concentrations of resveratrol. Resvera-

trol concentrations were 0 μmol/L, 20 μmol/L, 40 μmol/L, 

60 μmol/L, 80 μmol/L respectively, and according to the 

concentration of resveratrol, they were named as Group B, 

Group B
20

, Group B
40

, Group B
60

, Group B
80

 in turn. Cells 

in the above groups were inoculated in 96-well plates with 

a volume of 200 μL per well and incubated for 12 h, 24 h, 

48 h and 72 h at 37°C, 5% CO
2
 incubators.

cell transfection and grouping
Four groups were set in this section: blank group, siRNA-

 negative control group, siRNA-COX-2 group, and resveratrol + 

siRNA-COX-2 group. For cells in blank group, they were 

A549 cells cultured in conventional RPMI 1640 medium. 

For siRNA-negative control group, A549 cells successfully 

transfected by siRNA negative control were cultured in con-

ventional RPMI 1640 medium. For siRNA-COX-2 group, 

A549 cells successfully transfected by siRNA-COX-2 were 

cultured in conventional RPMI 1640 medium (the COX-2 

siRNA sequence is as follows: target sequence: 5′-GCTGGG 

AAG CCT TCT CTA A-3′; sense strand: 5′-GCUGGG 

AAG CCU UCU CUA AdT dT-3′; antisense strand: 3′-dTd 

TCG ACC CUU CGG AAG AGA UU-5′). For resveratrol + 

siRNA-COX-2 group, they were A549 cells successfully 

transfected by siRNA-COX-2, and were cultured in RPMI 

1640 medium containing 60 μmol/L resveratrol. Cells in the 

above groups were prepared as cell suspensions at a density 

of 1×105 cells/mL and were inoculated in 6-well plates with 

a volume of 1,000 μL per well.

MTT assay
Cells of each group were removed from the incubator and 

20 μL of MTT solution was added into each well (5 mg/mL, 

Sigma Aldrich). The liquid in each well was discarded after 

incubation at 37°C for 5 h in a 5% CO
2
 incubator. Then 

150 μL DMSO was added to each well and the plate was 

shaken for 10 min to facilitate dissolution of the crystals. 

Absorbance (OD
570

) of each well was measured at 570 nm at 

the enzyme-linked immunosorbent assay. Absorbance values 

of each well were repeated three times to take the average.

Quantitative reverse transcription 
polymerase chain reaction (qrT-Pcr) 
Tissue samples were ground in liquid nitrogen. Total RNA 

was extracted from these tissues and cells of each group. 

qRT-PCR was used to detect the expression of COX-2 

mRNA. qRT-PCR reaction was conducted as follows: 

predenaturation for 10 min at 95°C, denaturation for 10 s 
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at 95°C, annealing for 20 s at 60°C, extension for 34 s at 

72°C. The process consisted of 40 cycles and glyceraldehyde 

3-phosphate dehydrogenase (GAPDH) was set as internal 

reference. The amplification primers for the COX-2 gene and 

GAPDH internal reference are shown in Table 1.

Western blot analysis
Cells were lysed by protein lysis method to obtain total pro-

tein of each group. Then 20 μL protein sample solution was 

separated by sodium dodecyl sulfate polyacrylamide gel elec-

trophoresis (SDS-PAGE) and transferred onto polyvinylidene 

fluoride membranes at 100 mA for 120 min. After blocking 

by 5% skimmed milk, the membrane was placed in an incuba-

tor and incubated with rabbit antihuman COX-2 monoclonal 

antibody (1:1,000) overnight at 4°C. The membrane was 

later washed with tris buffered saline with tween 20 for three 

times (10 min/time), and then horseradish peroxidase labeled 

mouse anti-rabbit polyclonal secondary antibody (1:5,000) 

was added before incubation at room temperature for 1 h. 

Finally, color reagent was added for color development after 

washing by eluent for five times (10 min/time).

soft agar clone assay
Soft agar clone assay was conducted to research cell prolif-

eration capacity. Cells to be tested were collected in logarith-

mic growth phase and seeded in a 6-well plate at a density 

of 1×103 cells/mL at 2 mL per well. These 6-well plates 

consisted of RPMI 1640 medium and 5% agar. Then they 

were incubated for 20 days in a 5% CO
2
 incubator at 37°C. 

Clones containing .50 cells were counted under inverted 

microscope. The colony formation rate was calculated 

according to the following formula: Colony formation rate = 

Number of colonies/Number of inoculated cells×100%.

Flow cytometry analysis
Cells were collected in logarithmic growth phase and 

inoculated in 60 mm culture plate. When the cell growth 

area reached 80% of the surface area of the culture plate, 

cells were collected after digestion with trypsin and washed 

twice with PBS. Then they were added into 1 mL of 70% 

precooled ethanol at 4°C for 12 h after discarding the super-

natant. After centrifugation at 1,000 rpm for 5 min, cells were 

resuspended using 0.5 mL PBS. Iodized and RNaseA (10 mg/

mL) were added to a final concentration of 50 μg/mL, and 

then incubated in a 37°C warm water bath for 30 min before 

cell cycle was measured by flow cytometry.

statistical analysis
All data were processed by SPSS 18.0. Data were expressed 

as means ± SD and the two-tailed Student’s t-test was used 

for statistical comparison. P,0.05 was indicated that the 

difference was statistically significant.

Results
COX-2 relative expression in lung 
adenocarcinoma was related to clinical 
stages
qRT-PCR detection showed that COX-2 mRNA relative 

expression in different stages of lung adenocarcinoma tissue 

samples was significantly higher than that in nontumor tissues 

(P,0.01). Meanwhile, there was a significant difference in 

COX-2 relative expression among different stages of lung 

adenocarcinoma tissues (P,0.01). The relative expression 

of COX-2 in stage III lung adenocarcinoma tissues was the 

highest, followed by stage II lung adenocarcinoma tissues. 

COX-2 relative expression in stage I lung adenocarcinoma 

tissues was the lowest, but it was still significantly higher 

than that in nontumor tissues (P,0.01) (Figure 1). These 

results suggested that COX-2 mRNA relative expression was 

significantly increased in lung adenocarcinoma tissues and 

it was closely related with clinical stages.

Table 1 The amplification primers for the COX-2 gene and 
GAPDH internal reference

Name of primer Sequences

COX-2-F agcTagcTaggacTgaTcgcTac
COX-2-r cgTagTcgcggcTagcTagcTagc
GAPDH-F gTcgaTggcTagTcgTagcaTcgaT
GAPDH-r TgcTagcTggcaTgcccgaTcgaTc

Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 1 COX-2 mrna relative expression in lung adenocarcinoma was related 
to the clinical stage. *P,0.01 or #P,0.01 or &P,0.01 when compared with COX-2 
mrna relative expression in the other three groups.
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The optimal concentration of resveratrol 
to inhibit a549 cell proliferation
MTT assay was used to detect the effect of resveratrol on 

A549 cell proliferation (Figure 2). After 24 h, the prolifera-

tion of Group B was significantly higher than that of other 

groups (P,0.01). Different concentrations of resveratrol 

could significantly inhibit the proliferation of A549 cells. 

At a concentration of 20–60 μmol/L, the inhibitory effect 

of resveratrol on A549 cells proliferation was gradually 

increased with the increase of resveratrol concentration, 

while it was a little decreased when resveratrol concentra-

tion was at 80 μmol/L. The optimal concentration of res-

veratrol inhibiting A549 cell proliferation was 60 μmol/L 

(Figure 2).

resveratrol inhibited the malignant 
proliferation of a549 cells
Soft agar cloning experiments were performed to investigate 

the effect of resveratrol on A549 cells malignant proliferation. 

The colony formation rate of Group B was the highest, which 

was significantly higher than that of Group A and Group B
60

 

(P,0.01). The colony formation rate of Group B
60

 was still 

higher than that of Group A, but is not statistically significant 

(P.0.05) (Figure 3A and B).

resveratrol reduced the proportion of 
a549 cells in s phase
Flow cytometry was conducted to determine the cell cycle. 

The proportion of S phase cells in Group B was significantly 

higher than that in Group A and Group B
60

 (P,0.01). In addi-

tion, S phase cells proportion in Group B
60

 was higher than 

that of Group A, but without statistically significant differ-

ence (P.0.05) (Figure 4A and B).

resveratrol inhibited the expression of 
COX-2 in a549 cells
qRT-PCR results showed that COX-2 mRNA relative expres-

sion of A549 cells in Group B was significantly higher than 

that in Group A and Group B
60

 (P,0.01). The difference of 

COX-2 mRNA relative expression between Group B
60

 and 

Group A was not statistically significant, even though A549 

cells in Group B
60

 exhibited slightly higher COX-2 mRNA 

relative expression (Figure 5A). The relative expression of 

COX-2 protein among the three groups also showed similar 

results (Figure 5B).

inhibitory effect of cOX-2 sirna on 
cOX-2 expression
After transfection, the relative expression of COX-2 protein 

in siRNA-COX-2 group was significantly lower than that in 

Figure 2 MTT assay was performed to detect the effect of resveratrol on a549 cell 
proliferation. *P,0.01 when compared with other groups at the same time.
Notes: For Beas-2B cell suspensions, they were continuously cultured in 
conventional rPMi 1640 medium and were named as group a. For a549 cell 
suspensions, they were cultured in rPMi 1640 medium containing different 
concentrations of resveratrol. resveratrol concentrations were 0 μmol/l, 20 
μmol/l, 40 μmol/l, 60 μmol/l, and 80 μmol/l, respectively, and according to the 
concentration of resveratrol, they were named as group B, group B20, group B40, 
group B60, and group B80, respectively.

Figure 3 effects of resveratrol on malignant proliferation of a549 cells. (A) soft agar clone; (B) colony formation rate. *P,0.01 when compared with the other two groups.
Notes: For Beas-2B cell suspensions, they were continuously cultured in conventional rPMi 1640 medium and were named as group a. For a549 cell suspensions, they 
were cultured in rPMi 1640 medium containing different concentrations of resveratrol. group B had resveratrol concentration of 0 μmol/l and group B60 had resveratrol 
concentration of 60 μmol/l.
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blank group and siRNA-negative control group (P,0.01), 

while no significant difference was found in COX-2 protein 

relative expression between blank group and siRNA-negative 

control group (Figure 6).

resveratrol inhibited a549 cells 
proliferation by inhibiting the expression 
of COX-2
MTT assay showed that at 24 h, there was no significant 

difference in OD
570

 value among the four groups. However, 

at 48 h and 72 h, the OD
570

 value of resveratrol group, siRNA-

COX-2 group, resveratrol + siRNA-COX-2 group were all 

significantly lower than that of siRNA-negative control group 

(P,0.01). The OD
570

 values of resveratrol + siRNA-COX-2 

group were the lowest all the time. And at 72 h, OD
570

 value 

of resveratrol + siRNA-COX-2 group was remarkably lower 

than that of resveratrol group and siRNA-COX-2 group 

(P,0.05) (Figure 7A).

Soft agar cloning experiments results showed that the 

colony formation rate of siRNA-negative control group was 

the highest. Colony formation rate of resveratrol group and 

siRNA-COX-2 group were both significantly lower than that 

of siRNA-negative control group (P,0.01), but no significant 

difference was found in the colony formation rate between 

these two groups. Resveratrol + siRNA-COX-2 group had the 

lowest colony formation rate, which was significantly lower 

than that of siRNA-negative control group (P,0.01) and also 

much lower than that of resveratrol group and siRNA-COX-2 

group (P,0.05) (Figure 7B).

Flow cytometry results showed that, compared with 

siRNA-negative control group, the proportion of S phase 

cells in resveratrol group, siRNA-COX-2 group, and res-

veratrol + siRNA-COX-2 group was significantly lower 

(P,0.01). There was no significant difference in S phase cells 

proportion between resveratrol group and siRNA-COX-2 

group (P.0.05). In addition, the proportion of S phase cells 

in resveratrol + siRNA-COX-2 group was much lower than 

that in resveratrol group and siRNA-COX-2 group (P,0.05) 

(Figure 7C).

Discussion
The effect of resveratrol on the proliferation of A549 cells 

and the underlying mechanism were studied here. Our 

results indicated that COX-2 mRNA relative expression 

Figure 4 effects of resveratrol on cell cycle of a549 cells. (A) Flow cytometry was performed to determine cell cycle. (B) ratio of s phase a549 cell. *P,0.01 when 
compared with the other two groups.
Notes: For Beas-2B cell suspensions, they were continuously cultured in conventional rPMi 1640 medium and were named as group a. For a549 cell suspensions, they 
were cultured in rPMi 1640 medium containing different concentrations of resveratrol. group B had resveratrol concentration of 0 μmol/l and group B60 had resveratrol 
concentration of 60 μmol/l.
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Figure 5 effects of resveratrol on the expression of COX-2 in a549 cells. (A) expression of COX-2 mrna by qrT-Pcr. (B) expression of cOX-2 protein by Western blot. 
*P,0.01 when compared with the other two groups.
Notes: For Beas-2B cell suspensions, they were continuously cultured in conventional rPMi 1640 medium and were named as group a. For a549 cell suspensions, they 
were cultured in rPMi 1640 medium containing different concentrations of resveratrol. group B had resveratrol concentration of 0 μmol/l and group B60 had resveratrol 
concentration of 60 μmol/l.
Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; qrT-Pcr, quantitative reverse transcription polymerase chain reaction.
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had significantly increased in lung adenocarcinoma tissues 

and it was closely related with clinical stages. Resveratrol 

inhibited the proliferation of A549 cells in a concentration-

dependent manner and the most significant effect of inhibi-

tion of proliferation was at a concentration of 60 μmol/L. 

More importantly, this study further showed that resveratrol 

inhibited the proliferation of NSCLC cells by inhibiting the 

expression of COX-2, which provided a new therapeutic 

target for the clinical treatment of NSCLC. In previous 

studies, researchers also found that resveratrol could inhibit 

proliferation and reduce S-phase cells proportion of other 

lung cancer cell lines, such as NCI H460, NCI H23, H466, 

H460, PC-9, H1975, H838 and H520 cells lines.18,20–22 This 

study was consistent with these previous studies.

It has been reported that more than 1.3 million 

patients suffered from lung cancer annually worldwide 

and approximately 85% of them underwent NSCLC with 

five-year survival rate of only 9%–15%.23,24 Surgical resec-

tion, chemotherapy and radiotherapy are the recommended 

standard first-line treatments for NSCLC, but complete 

radical treatment cannot be achieved by these traditional 

treatments and the 5-year survival rate of lung cancer patients 

after treatment has not been significantly improved.25 There-

fore, gene targeting therapy for NSCLC has been clinically 

applied to a certain extent, which is able to achieve a radi-

cal treatment goal of NSCLC at the genetic level. COX-2 is 

found to be overexpressed in a variety of tumor cells and 

many studies have shown that tumor development could be 

repressed by inhibiting the expression of COX-2. Liu et al26 

revealed that COX-2 was involved in the development and 

progression of invasive breast cancer because their research 

found that mammary gland tumor genesis could be induced 

by upregulation of COX-2. Other studies have also suggested 

that poor prognosis could occur if COX-2 expression was 

greatly upregulated, such as breast cancer, colon cancer, and 

pancreatic cancer and overexpression of COX-2 was reported 

to be a hallmark of metastatic cancer.17,27 Previous studies 

have reported the relationship between gene expression and 

lung cancer, and they also found that COX-2 expression was 

upregulated in lung cancer cells.28,29 However, as for the 

relationship between COX-2 and NSCLC, related research 

is rare. In this study, we found that COX-2 expression was 

significantly upregulated in NSCLC cells, which further con-

firmed that COX-2 can serve as a target gene for treatment of 

NSCLC. More importantly, studies about resveratrol applied 

to the treatment of lung cancer have not been developed 

before, while results in our research proved that resveratrol 

at a concentration of 60 μmol/L could effectively inhibit 

the proliferation of NSCLC cells and also can significantly 

inhibit the malignant proliferation of NSCLC cells, as well 

as reducing the proportion of NSCLC cells in S phase. 

In addition, we further confirmed that the mechanism of 

resveratrol in inhibiting the proliferation of NSCLC cells was 

through inhibition of the expression of COX-2. This result 

was consistent with Gong et al research. In their research, 

they also found that resveratrol could reduce the prolifera-

tion rate of colorectal cancer cells by suppressing COX-2 

expression.16 Another study suggested that the mechanism of 

overexpressed COX-2 in promoting the proliferation of tumor 

cells is due to the role of Polygalacturonases (PGs), a prod-

uct of COX-2 protein metabolism, especially PGE2, which 

enhances the proliferation of tumor cells.30 The increase of 

PGE2 will not only inhibit the increase of T lymphocytes or 

B lymphocytes, but also induce the production of immuno-

suppressive cytokine IL-10.31 Therefore, the body’s immune 

surveillance function is decreased, thereby increasing the 

probability of tumor cells proliferation. Combined with 

previous studies and the results of this paper, we can further 

confirm that COX-2 can be used as a therapeutic target for 

NSCLC, and resveratrol can serve as a new drug for the 

Figure 6 silencing of COX-2 gene inhibits cOX-2 protein expression. (A) Blotting of protein by Western blot. (B) statistical data of protein by Western blot. *P,0.01 when 
compared with the other two groups.
Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 7 resveratrol inhibits the proliferation of a549 cells by inhibiting COX-2 expression. (A) Proliferation of a549 cells in each group. (B) colony formation rate of 
each group. (C) ratio of s phase a549 cell in each group. *P,0.01 when compared with the other three groups; #P,0.05 when compared with resveratrol group and  
sirna-cOX-2 group.
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treatment of NSCLC, which provides an important guiding 

significance for the treatment of NSCLC clinically.

There are still some limitations in this study. First, in this 

study, we only conducted the research of resveratrol on A549 

cells. Mechanisms of resveratrol on other lung cancer cell lines 

were not studied because of laboratory condition limitations. 

Effects of resveratrol on other lung cancer cell lines will be 

one of the focuses of our future research. Second, the bioavail-

ability of resveratrol in human body was reported very low, 

even at high doses.32 Several studies have shown that nanoscale 

resveratrol or resveratrol encapsulation could improve its 

bioavailability.33,34 In our future research, methods to improve 

the bioavailability of resveratrol will also be further studied.

In conclusion, this study showed that resveratrol can 

inhibit the proliferation of NSCLC cells by inhibiting the 

expression of COX-2, which provided a new therapeutic 

target for the future clinical treatment of NSCLC.
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