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Abstract. – OBJECTIVE: The objective of this 
study is to investigate the mechanism of resver-
atrol (RSVL) on the inhibitory effect on the ex-
pression of COX-2 in human colorectal cancer. 

MATERIALS AND METHODS: In this study, 
we used the HCT-116 cells as the observa-
tion group, and the normal cells as the control 
group. The inhibitory effect induced by RSVL 
on the COX-2 expression in human colorectal 
cancer was investigated. For the observation 
group, cells were cultured in the nutrition solu-
tion with RSVL, while the cells in both control 
group (normal colon epithelial cells) and blank 
control group (none-treated HCT-116 cells) were 
cultured in the regular nutrition solution. We as-
sayed the mRNA expression and the protein ex-
pression of COX-2 in different groups using Re-
al-time quantitative polymerase chain reaction 
(RT-qPCR) and Western blot methods, respec-
tively. Also, we measured the cell growth and 
apoptosis in different treatment groups by using 
methyl thiazolyl tetrazolium assay (MTT) meth-
od, and detected the differences in COX-2 ex-
pression among different groups through immu-
nohistochemistry staining 

RESULTS: Compared with blank control group, 
the rate of cell proliferation in the observation 
group treated with RSVL was significantly re-
duced. The results of RT-qPCR revealed that the 
mRNA expression of COX-2 of the observation 
group was affected compared with the blank 
control group. According to the results from en-
zyme-linked immunosorbent assay (ELISA) and 
Western blot, the expression of the COX-2 pro-
tein in the observation group treated with RSVL 
was significantly lower than that in the blank 
control group; however, results from the obser-
vation group and the control group were similar. 
Also, the immunohistochemistry results showed 
the positive rate of COX-2 expression in the ob-
servation group was significantly lower than 
that in the control group. 

CONCLUSIONS: RSVL (in a certain concentra-
tion) can suppress the human colorectal cancer 
through inhibition of COX-2 expression.

Key Words:
Resveratrol, Colorectal cancer, COX-2 gene, Expres-

sive suppression, Treatment.

Introduction

There were almost 65 million patients with 
colorectal cancer worldwide according to the sta-
tistics in 2015, in which the middle-aged and el-
derly patients accounted for 63.7%, and the num-
ber of patients was increasing at a rate of 1.02% 
per year1. Therefore, researches on pathogenesis 
and prevention of colorectal cancer and the de-
velopment of new drugs have become important 
for improving the life quality of patients2,3. Con-
tinuous improvement, development, and applica-
tion of new surgical methods and drugs in clin-
ical practices had advanced researches towards 
the treatment of colorectal cancer. Through the 
statistics of 5-year survival survey, we found that 
the postoperative 5-year survival rate of the pa-
tients was only 51.4%4. Studies5 have shown that 
the expression of COX-2 (Cyclooxygenase), a 
membrane-binding protein of human cells, was 
not found in the most of the cell tissues; howev-
er, the expression of COX-2 can be induced by 
the inflammatory reaction and damage-repair 
processes of immune cells, such as endothelial 
cells, macrophage cells, and mononuclear cells. 
For instance, some studies6 discovered that the 
phospholipids in the tumor cell membrane can be 
degraded by phospholipase A2 into arachidonic 
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acid which can be further transformed into PGE2 
under the effect of COX-2 protein. Resveratrol 
(RSVL) is a type of autoimmune substance se-
creted by plants for resisting the invasion of ex-
ogenous pathogens. Investigations6 have shown 
that RSVL can initiate defensive reactions of the 
plant against the invasion and reproduction of 
pathogenic bacteria. Some studies7-9 revealed that 
RSVL can suppress the thrombosis by inhibiting 
the coagulation of platelet, and also identified 
that RSVL had a significant facilitating effect on 
protecting the cardiovascular and cerebrovascular 
systems, improving the anti-oxidation capability 
and enhancing the activity of immune system. In 
this work, we investigated for the first time the 
therapeutic effect of RSVL on human colorectal 
cancer to illustrate the correlation between the 
RSVL and COX-2 gene, which can be served as 
the theoretical and experimental reference for the 
treatment of colorectal cancer in advanced stage. 

Materials and Methods

General Information
In this study, HCT-116 cells were used as the 

observation group, and the normal human colon 
epithelial cells as the control group. The cells in 
both control group and blank control group were 
cultured in RPM1 (Reverse Phase Medium) liq-
uid medium (Hyclone, Logan, UT, USA) which 
containing bovine serum (BS) (100 ml/l) and 
incubated in an incubator with 5% CO2 at 37°C. 
For the cells in the observation group, RSVL in 
varying concentrations (24 µmol/l, 36 µmol/l, 48 
µmol/l, 64 µmol/l, 88 µmol/l) was added into the 
medium and all conditions were the same as those 
in control groups. 

Materials
Major reagents: RNA extraction kit (Shang-

hai Xinmai Biotechnology Co., Ltd, Shanghai, 
China), qRT-PCR (quantitative Real-time pol-
ymerase chain reaction) kit (ABI, Foster City, 
CA, USA), rabbit-anti-human COX-2 monoclo-
nal primary antibody (ACRIS, Los Angeles, CA, 
USA), HRP-labeled mouse-anti-rabbit polyclonal 
secondary antibody (Genewiz, Suzhou, Jiangsu, 
China), methyl thiazolyl tetrazolium assay 
(MTT) detection kit (ABI, Foster City, CA, USA), 
immunohistochemistry kit (Roche, Indianapolis, 
IN, USA), and other reagents were purchased 
from the Sinopharm Chemical Reagent Co., Ltd. 
(Shanghai, China).

Major apparatus: RT-qPCR apparatus (ABI, 
Foster City, CA, USA), microplate reader (Liuyi, 
Beijing, China), electrophoresis apparatus for 
protein work (Liuyi, Beijing, China), gel-image 
apparatus (Bio-Rad, Hercules, CA, USA).

Methods

RNA Extraction
Sample (0.2 g) was used for RNA extraction 

using RNA Plus (0.45 ml). The sample was cen-
trifuged at 12,000 rpm at 4°C for 15 min, and 
the supernatant was discarded. Chloroform (200 
ml) was added for re-suspending, and the sample 
was centrifuged again at 12000 rpm at 4°C for 15 
min. The supernatant was carefully transferred to 
an RNase-free tube. Ethanol (750 ml) (75%) was 
added to the supernatant and mixed thoroughly. 
After centrifugation at 4°C for 15 min, the su-
pernatant was discarded, and the RNA pellet was 
air dried for 15 to 20 min. RNase-free water was 
added to RNA pellet, and absorbance was meas-
ured to determine the RNA concentration. The 
RNA sample was used for reverse transcription 
reaction. 

RT-qPCR Method
For all RT-qPCR-related procedures, we re-

ferred to the instruction of Takara qRT-PCR (Ta-
KaRa Bio, Inc., Otsu, Shiga, Japan). RT-qPCR 
primers were synthesized by Shanghai Sangon 
Biotech Co., Ltd, (Shanghai, China) and the se-
quences of primer were shown in Table I.

Cell Proliferation Assay Using MTT
In this study, we used the MTT kit (ABI, Foster 

City, CA, USA) to assay apoptosis and prolifera-
tion of colorectal cancer cells which were treated 
with varying RSVL concentrations and the spe-
cific procedures were referred to the instructions.

ELISA Method
Specific procedures were referred to the in-

structions of ELISA kit (Takara Bio, Inc., Otsu, 

Table I. Primers for qRT-PCR.

 Name 
 of primer Sequences

COX-2-F AGCTAGCTAGGACTGATCGCTAC
COX-2-R CGTAGTCGCGGCTAGCTAGCTAGC
GAPDH-F GTCGATGGCTAGTCGTAGCATCGAT
GAPDH-R TGCTAGCTGGCATGCCCGATCGATC
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Shiga, Japan). In this study, the standard sample 
of ELISA protein was diluted using Assay Buff-
er (1:50), and the standard curve was prepared 
in accordance with the instructions. The sample 
was diluted in phosphate buffered saline (PBS) 
(pH=7.2, 1:100), and 100 μL diluted sample was 
added to each well, in which 50 μl detection solu-
tion was then added. After 2 h of incubation, the 
substrate of 3,3’5,5’-tetramethylbenzidine (TMB) 
Thermo Fisher Scientific (Waltham, MA, USA) 
was added for color development and the OD495nm 
was assayed and used to calculate the COX-2 
content and concentration in each sample to be 
assayed according to the standard curve10.

Western Blotting Analysis
In this study, we applied the protein extrac-

tion kit for animal cells (Axigen, Corning, NY, 
USA) to extract the total protein of the sample 
(all of the procedures were performed according 
to the manufacturer’ instructions). 0.5 mg of dif-
ferent research sample was weighed accurately, 
and quantification of total protein was performed 
using the staining method by Coomassie Brilliant 
Blue. 20 μl of treated sample was used for sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) (polyacrylamide gel electro-
phoresis), and then transferred to the membrane. 
The membrane was blocked for 2 h followed by 2 
h of incubation using primary antibody at a room 
temperature which had been diluted in 1:1000. 
Thereafter, the membrane was incubated with 
secondary antibody for 2 h at room temperature 
and then washed using eluent for 5 times (10 min/
time)12, and then the color reagent was added for 
color development9. 

Procedures of Immunohistochemistry 
The detection was performed by immunohis-

tochemistry streptavidin-peroxidase (SP) method 
in the following procedures: a) the lung samples 
in control group and experimental group were 
fixed by formaldehyde (10%) and then paraffin 
embedded. In this study, the thickness of paraffin 
section was about 4 μm, and the well-prepared 
experimental sections were fixed on glass slide 
and heated for 1 h at 70°C; b) the section was 
dewaxed by xylene and soaked in anhydrous al-
cohol, followed by ultrapure water and rinsed by 
using PBS (pH=7.2, 5 times, 5 min/time). Then 
the section was heated at 121°C for 2 min in a 
sterilizing pot and then cooled down, and placed 
into PBS for 30 min at room temperature; c) 50 
μl of peroxidase was added in the section after 

the PBS vaporized and the section was placed at 
37°C for 10 min followed by PBS wash (5 times, 
5 min/time), and then the PBS was removed. 45 
μl of non-immune serum was added in the sec-
tion for 10 min in incubation; d) primary anti-
body was added into the section which was then 
incubated at room temperature for about 2 h (or 
4°C overnight) followed by PBS wash (5 times, 
5 min/time). e) the addition of 50 μl streptomy-
ces-peroxidase (SP method) in the section for 2 h 
in incubation at 37°C was followed by PBS wash-
ing (5 times, 5 min/time); f) 100 μl of color agent 
A was added in the section which was then ob-
served under the microscope; g) after 10 min, the 
section was rinsed with distilled water and then 
stained with hematoxylin for 5 min and rinsed 
again. Then the section was dehydrated and dried 
by anhydrous alcohol and sealed by neutral bal-
sam11. Followed immunohistochemistry staining 
method, the presence of yellow granule in the cell 
membrane or cytoplasm was taken as a positive 
result, and the stained area on the membrane was 
less than 10%, or the tumor cells being negatively 
stained was taken as a negative result12.

Statistical Analysis
SPSS14 (SPSS Inc., Chicago, IL, USA) was 

used to analyze the data. X2-test was performed 
in the comparison between the categorical data. 
α = 0.05 was set as the significant level. p < 0.05 
suggested that the difference was statistically sig-
nificant. At the significant level of α = 0.01, p < 
0.01 suggested that the difference was statistical-
ly significant difference.

Results

Differential COX-2 mRNA Expression 
Between the Control Group and 
Observation Group

In this study, human colorectal cancer cells, 
which were treated with different RSVL concen-
tration, were used to extract total cellular RNA. 
The RT-qPCR was used to detect the difference 
of mRNA expression of COX-2 between the nor-
mal colorectal cells and colorectal cancer cells, 
and the results were shown in Figure 1. COX-2 
mRNA expression in colorectal cancer cells was 
significantly higher than that in normal colorec-
tal cells with statistically significant difference 
(p<0.05). Cox-2 mRNA expression in colorec-
tal cancer cells was 87.3 times that in normal 
colorectal cells, and the mRNA expression of 
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COX-2 gene in the cells of observation group was 
significantly lower than that in the blank control 
group.

Difference of COX-2 mRNA 
Expression in Cells of Observation 
Group Which were Treated with 
Varying Concentration of RSVL

RNA was extracted from colorectal cancer 
cells from different treatment groups, and the 
mRNA expression of COX-2 gene in the colorec-
tal cancer cells treated by RSVL with varying 
concentrations using RT-qPCR was assayed, and 
the results were shown in Figure 2. Normally, a 
gradual decrease in the COX-2 mRNA expres-
sion was identified in colorectal cancer cells with 
while an increase in the concentration of RSVL in 

the culture medium. However, when the concen-
tration of RSVL was over 64 µmol/l, the COX-
2 mRNA expression was found to be elevated, 
suggesting that the inhibitory effect of RSVL on 
the COX-2 gene of colorectal cancer cells is dos-
age-dependent.

Detection of COX-2 Protein
Expression in Control Group and 
Observation Group

In this study, we extracted the total protein 
from normal colorectal cells and colorectal can-
cer cells. The protein quantification was deter-
mined by Coomassie Brilliant Blue and, then, 25 
μg of total protein was prepared for the ELISA to 
detect the expression of the COX-2 protein in dif-
ferent samples; the results were shown in Figure 
3. COX-2 protein expression in colorectal cancer 
cells (7.61 ± 0.18) μg/l was significantly higher 
than that in normal colorectal cells (0.35 ± 0.11) 
μg/l, revealing that there is a close correlation be-
tween the COX-2 protein and colorectal cancer.

Detection of COX-2 Protein Expression 
in Cells of Observation Group, 
Which was Treated with Varying 
Concentration of RSVL

To detect the effect of different concentrations 
of RSVL on the COX-2 protein expression, hu-
man colorectal cancer cells cultured in the medi-
um containing RSVL at varying concentrations 
were used for extraction of total protein in cells 
and after the protein quantification by Coomassie 
Brilliant Blue, the difference of protein expres-
sion of COX-2 gene in the culture medium con-
taining the RSVL at varying concentrations was 
detected and the results were shown in Figure 4. 
COX-2 protein expression in human colorectal 

Figure 1. Difference of mRNA expression of COX-2 gene 
between the control group and observation group.

Figure 2. Difference of mRNA expression of COX-2 gene in 
cells in observation group which were treated in different ways.

Figure 3. Detecting the protein expression of COX-2 gene 
in control group and observation group.
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cancer cells was decreased with a gradual in-
creasing concentration of RSVL; however, when 
exceeded 64 µmol/l, the COX-2 protein expres-
sion increased, which was inconsistent with the 
RT-qPCR results. It indicated that RSVL can in-
hibit the COX-2 expression inhuman colorectal 
cancer cells in a dosage-dependent manner. 

Western Blot Analysis for the Detection 
of COX-2 Protein Expression in 
the Observation and Control Groups

In this study, we extracted the total protein 
from colorectal cancer cells and the COX-2 nor-
mal colorectal cells, and detected the protein ex-
pression through Western blotting analysis, and 
the results were shown in Figure 5. The COX-2 
protein expression in normal colorectal cells was 
significantly lower than that in the colorectal 
cancer cells without any treatment, for instance, 
the blank control group, with a statistically sig-
nificant difference (Table II) (p < 0.05). Further 
study revealed that the COX-2 protein expres-
sion in colorectal cancer cells was gradually de-
creased with an increase in the concentration of 
RSVL, but later, the content of COX-2 protein 
was increased, which was inconsistent with the 
result of ELISA. 
Cell Proliferation Assay in 

Different Treatment Groups
In this study, we assayed the proliferation of 

colorectal cancer cells through MTT, and the 
results were shown in Figure 6. The prolifera-
tion rate of colorectal cancer cells was signifi-
cantly decreased with an increase in the RSVL 
concentration, but when the concentration was 
above 64 µmol/l, the proliferation rate was in-
creased to some extent (Figure 6), suggesting 
that RSVL can suppress the proliferation of 
colorectal cancer cells.

Immunohistochemical Assay Results in 
Different Treatment Groups

Normal human colorectal cells and colorectal 
cancer cells were used to assay the COX-2 pro-
tein expression using the immunohistochemical 
method, and the results were shown in Figure 7. 
COX-2 protein expression in colorectal cancer 
cells was mainly on the cell membrane, differ-
ent from that in normal colorectal cells (Figure 
7). Also, we carried out the cell count for COX-
2 positive cells, and the results revealed that the 
COX-2 positive cells in the human colorectal 
cancer cells (89.03%) were far more than those 
in the normal colorectal cells (8.05%) with a 
statistically significant difference (p < 0.05, 
Table III).

Discussion

Figure 4. Detecting the difference of protein expression 
of COX-2 gene in cells of observation group which were 
treated by different ways. Protein expression of COX-2 gene 
in different cells (μg/L).

Figure 5. Detection of the protein expression of COX-
2 gene using Western blot in the observation group and 
the control group. 1: Colorectal cells without resveratrol 
treatment; 2: human colorectal cancer cells treated with 24 
µmol/l resveratrol; 3 human colorectal cancer cells treated 
with 36 µmol/l resveratrol; 4: human colorectal cancer cells 
treated with 48 µmol/l resveratrol; 5: human colorectal 
cancer cells treated with 64 µmol/l resveratrol; 6: human 
colorectal cancer cells treated with 88 µmol/l resveratrol.

Table II. Detection of the protein expression of COX-2 gene using Western blot in the observation group and the control group.

   24 µmol/l 36 µmol/l 48 µmol/l 64 µmol/l 88 µmol/l
 Group Blank resveratrol resveratrol resveratrol resveratrol resveratrol

Protein expression of 7.61 ± 0.18 6.01 ± 0.13 4.82 ± 0.11 2.74 ± 0.14 1.46 ± 0.12 3.62 ± 0.13
COX-2 generality (µg/L)
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In recent years, with the continuous improvement 
in the living condition of people, great variations in 
the dietary habit have also been seen. However, var-
ious causes, such as a bad dietary habit, have con-

tributed to a gradual increase in the occurrence rate 
of colorectal cancer13. In this work, we cultured the 
colorectal cancer cells in medium containing vary-
ing concentrations of RSVL, and detected COX-2 
mRNA and protein expression. The results revealed 
that the COX-2 mRNA and protein expression in 
colorectal cancer cells were significantly lower than 
that in the normal colorectal cells with statistically 
significant differences (p < 0.05). Also, the detec-
tion of COX-2 mRNA and protein expression in 
colorectal cancer cells, treated by RSVL in varying 
concentrations, showed that the expression of COX-
2 gene in the colorectal cancer cells was gradually 
decreased, with an increase in the concentration of 
RSVL. However, previous studies14 suggested that 
RSVL directly bound on COX-2 and performed 
inhibition on carcinogenesis. In our experiment, 
when the concentration of RSVL reached to 64 
µmol/l, the COX-2 protein and mRNA expressions 
were increased, suggesting that RSVL in a certain 
concentration can inhibit the expression of COX-2 
gene in colorectal cancer cells. Furthermore, we 
also performed MTT method to detect the prolif-
eration of colorectal cancer cells treated by RSVL 
in varying concentrations, and found that the pro-
liferation rate of colorectal cancer cells, after being 
treated by RSVL, was significantly decreased, in-
dicating that RSVL can ameliorate the exacerba-
tion of colorectal cancer through suppressing the 

Figure 6. Assay of the cell proliferation in different 
treatment groups.

Figure 7. Immunohistochemical staining results of cells in different treatment groups. A, Normal colorectal cells. 
B, Colorectal cancer cells. Purple represents the COX-2 positive cells, and pink represents the COX-2 negative cells 
(200× magnification).

A B

Table III. Count of COX-2 positive cell in normal colorectal cells and colorectal cancer cells.

  Cell count COX-2 Rate of COX-2 COX-2 Rate of COX-2
 Group (n) positive cells  positive cells (%) negative cells negative cells (%)

Control group 400  32  8.05 368 91.95
Observation group 400 356 89.03  44 10.97
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proliferation of colorectal cancer cells. Studies in 
recent years15,16 have shown that superoxide, such 
as reactive oxygen, can induce the DNA injuries 
in varying degrees, which, however, can affect the 
normal growth and metabolism of cells through im-
pacting the genetic expression. It has been proved 
that RSVL is characterized with this eliminating 
function in cells17 to avoid the damages of reactive 
oxygen on the membrane of cells or their organelle. 
Some investigations18,19 have indicated that COX-2 
gene expression is mainly induced by the stimuli of 
inflammatory reaction, UV, and reactive oxygen. 
COX-2 protein, like a cell membrane protein, can 
be generated under the massive stimuli, such as re-
active oxygen, and participate in the damages to the 
membranes of cells and organelles20, such as par-
ticipating in the damages to the colorectal cells21,22. 

Conclusions

In this report, we found that RSVL can reduce 
the proliferation rate of colorectal cancer cells 
and the expression of COX-2 gene, and the rele-
vant mechanism may be that RSVL can suppress 
the generation of superoxide in the cells, such as 
peroxide, and also the expression of COX-2 gene, 
and finally restrain the proliferation of cancer 
cells like colorectal cancer cells.
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