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Atorvastatin inhibits proliferation and promotes apoptosis of
colon cancer cells via COX-2/PGE2/β-Catenin Pathway
Shuyan Cai, Zhigang Gao
Department of General surgery, Beijing Chaoyang Hospital, Capital Medical University, Beijing, China.

Summary
Purpose: To explore the effects of atorvastatin (ATST) on
the proliferation and apoptosis of colon cancer cells through
the cyclooxygenase-2 (COX-2)/prostaglandin E2 (PGE2)/βcatenin pathway.

PGE2. Low expressions of COX-2 and PGE2 in colon cancer
tissues indicate a longer survival time. Moreover, a positive correlation was found between HCT116 cell density and
COX-2 level, HCT116 cell density and PGE2 level, and COX2 and PGE2 levels. ATST could down-regulate COX-2 and
β-catenin, and knocking down COX-2 could lower β-catenin.
After treatment with ATST and ATST + anti-COX-2, the
activity of cleaved caspase-9, caspase-3 and PARP was remarkably enhanced, suggesting that ATST and ATST + antiCOX-2 can promote apoptosis of HCT116 cells. It was found
that ATST and ATST + anti-COX-2 could also inhibit the
proliferation of HCT116 cells.

Methods: HCT116 cells were cultured and transfected, and
they were treated with ATST at different concentrations for
different time. The association between the expressions of
COX-2 and PGE2 and the survival time of patients with colon cancer was analyzed via Kaplan-Meier survival analysis. Then the protein expressions of COX-2, β-catenin and
apoptosis-related molecules in HCT116 cells were determined
using Western blotting, and the proliferation of HCT116 cells
was detected via cell counting kit-8 (CCK-8) assay.
Conclusions: ATST inhibits the proliferation and promotes
the apoptosis of colon cancer HCT116 cells through downResults: There was a significant difference in the survival
regulating the COX-2/PGE2/β-catenin signaling pathway.
rate between HCT116 cells treated with 30 μM ATST and
those treated with 0 μM ATST. The survival time was obviously longer in patients with low expressions of COX-2 and Key words: COX-2/PGE2/β-catenin pathway, atorvastatin,
PGE2 than that those with high expressions of COX-2 and colon cancer, cell proliferation and apoptosis

Introduction
Colon cancer is one of the most common malignant tumors in the world, and its morbidity rate
increases due to the unbalanced diet, such as eating red and processed meats [1,2]. Such a dietary
habit will lead to the increased levels of cholesterol
and low-density lipoprotein in the blood, ultimately
causing hyperlipidemia. Studies have demonstrated
that hyperlipidemia can raise the incidence of colon cancer [3,4], because the increased levels of cholesterol and low-density lipoprotein will enhance
the proliferation and invasion of cancer cells [5,6].

Statins can reduce the content of both cholesterol
and low-density lipoprotein, so they can be used to
not only prevent cancer, but also reduce symptoms
in patients with hyperlipidemia. Nielsen et al [7] reported that statins may reduce the cancer mortality
in the Danish population. According to clinical studies, statins have certain value in the treatment of
cancer, but its efficacy on colon cancer remains controversial [8,9]. Therefore, it is necessary to evaluate
the anticancer effect of statins, hoping to apply them
in the prevention and treatment of colon cancer.
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Colon cancer is associated with many signaling
pathways, such as cyclooxygenase-1 (COX-1) and
COX-2, two subtypes of COX [10]. COX-1 is responsible for keeping the normal functions, which are
constitutively expressed in most tissues. However,
COX-2 is a major inflammatory factor inducing the
development of cancer, which is overexpressed in
all metastatic cancer cells and involved in the initiation of angiogenesis and epithelial-mesenchymal transition (EMT) [11-13]. It is reported that
the COX-2-induced production of prostaglandin E2
(PGE2) contributes to the migration and EMT of
human breast cancer cells [14]. In addition, in vivo
studies have confirmed that the specific inhibition
or deletion of COX-2 reduces tumor metastasis in
the mouse model [15]. Therefore, it can be seen that
COX-2/PGE2 not only regulates EMT, but also plays
an inestimable role in tumor proliferation and invasion. As an important component of intercellular
adhesion, β-catenin forms a dynamic link between
E-cadherin and cytoskeleton, which is also a key
component of Wnt signals [16]. β-catenin regulates
the expressions of multiple target genes mediating
cellular processes, including cell proliferation and
migration. It is reported in the literature that colon
cancer and skin cancer are closely related to COX-2
and β-catenin [17-20]. Therefore, this paper aims
to explore the effects of atorvastatin (ATST) on colon cancer cell proliferation and apoptosis through
regulating the COX-2/PGE2/β-catenin signaling
pathway.

Methods
Materials
ATST was from Pfizer (New York, NY, USA), Dulbecco’s Modified Eagle Medium (DMEM) and fetal
bovine serum (FBS) from Gibco (Rockville, MD, USA),
penicillin-streptomycin solution from Ambionic, Western blotting (WB) goat anti-rabbit primary antibody and
horse radish peroxidase (HRP)-labeled rabbit anti-mouse
IgG secondary antibody from Abcam (Cambridge, MA,
USA), propidium iodide (PI) dye and Annexin from ABM
(Richmond, Canada), enzyme-linked immunosorbent assay (ELISA) kit from Abcam (Cambridge, MA, USA), and
HCT116 cell lines and colon cancer tissues from Beijing
Chaoyang Hospital, Capital Medical University.

were treated with ATST at different concentrations for
different times, and were divided into blank control
group (Con group), ATST group (ATST added), and ATST
+ anti-COX-2 group (COX-2 knockdown and ATST added).
ELISA
The culture supernatant of HCT116 cells was collected and incubated in serum-free RPMI 1640 medium
for 24 h. After the medium was concentrated to remove
cell debris, the supernatant was frozen at -80°C for later
detection of PGE2 level via ELISA. In addition, the serum
of 20 patients undergoing resection of colon cancer was
separated via centrifugation at 3,000 rpm for 15 min, and
stored at -70°C for later detection. The concentration of
PGE2 was determined using the commercially-available
ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s instructions.
Detection of protein expressions of COX-2 and β-catenin via
WB
After activation for a prescribed time, the cells were
washed with 1 mL of ice-cold phosphate buffered saline
(PBS), centrifuged at 3,000 g for 5 min, and resuspended
with 100 μL of ice-cold hypotonic buffer (10 mmol/L
HEPES/KOH, 2 mmol/L MgCl2, 0.1 mmol/L EDTA, 10
mmol/L KCl, and 1× protease inhibitor, pH 7.9). Then the
cells were placed on ice for 10 min, centrifuged at 15,000
g for 30 s, washed with 1 mL of PBS for 3 times, and
resuspended again with 50 μL of ice-cold saline buffer
(50 mmol/L HEPES/KOH, 50 mmol/L KCl, 300 mmol/L
NaCl, 0.1 mmol/L EDTA, 10% glycerol, and 1× protease
inhibitor, pH 7.9). After that, the cells were placed on ice
for 2 h, ultrasonically treated for 30 s and centrifuged at
15,000 g and 4°C for 5 min. The supernatant containing
nucleoprotein was frozen in liquid nitrogen and stored
at -70°C. Finally, the protein expressions of COX-2 and
β-catenin were detected via WB.
Detection of HCT116 cell proliferation using cell counting
kit-8 (CCK-8) assay
The HCT116 cell proliferation was detected using
CCK-8 assay, as follows. First, the cells were diluted into
cell suspension (1×106 cells/mL), and incubated with
10% CCK-8 solution in an incubator with 5% CO2 at 37°C
for 4 h. Then the optical density (OD) of the cell suspension was measured at 490 nm. Finally, the number of
proliferating HCT116 cells was calculated, and the cell
growth curves were plotted.
Statistics

All experiments were performed in triplicate, and
HCT116 cell culture, transfection, ATST treatment and data were analyzed using SPSS 18.0 software package
grouping
(SPSS Inc., Chicago, IL, USA). All data in quantitative
HCT116 cells were cultured with DMEM contain- analysis were expressed as mean ± standard deviation.
ing 11.0% FBS and 1.0% penicillin-streptomycin in an Comparison between multiple groups was done using
incubator with 5% CO2 at 37°C, followed by passage upon One-way ANOVA test followed by post-hoc test (least
reaching 70-80% confluence. According to the instruc- significant difference). The survival rate was calculated
tions of the TurboFect transfection reagent, HCT116 using the Kaplan-Meier method, and compared using
cells were transfected with COX-2-knockdown plasmids log-rank test. * suggested the statistical significance
to lower the protein expression of COX-2. HCT116 cells (*p<0.05, **p<0.01).
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fore, the optimal concentration of ATST was 30 μM
in the treatment of HCT116 cells.

Effect of ATST on survival rate of HCT116 cells with
Results of Kaplan-Meier survival analysis
treatment time
As shown in Figure 1, the survival rate of
HCT116 cells had a significant difference at 24
h compared with that at 0 h (p<0.01), but it had
no difference at 72 h compared with that at 48
h (p>0.05). It can be seen that ATST can inhibit
the proliferation of HCT116 cells. Hence, the cells
were treated with ATST for 24 h in the subsequent
experiments.

The survival time was obviously longer in
patients with low expressions of COX-2 and PGE2
than that in patients with high expressions of COX2 and PGE2 (p<0.01) (Figure 3). It can be seen that
low expressions of COX-2 and PGE2 in colon cancer
tissues indicate a longer survival time, and there
may be a positive correlation between COX-2 and
PGE2.

Effect of ATST concentration on survival rate of A positive correlation between COX-2 and PGE2 expressions in HCT116 cells
HCT116 cells
As shown in Figure 2, there was a significant
difference in the survival rate between HCT116
cells treated with 30 μM ATST and those treated
with 0 μM ATST (p<0.01), and the same was true
between HCT116 cells treated with 30 μM ATST
and those treated with 10 μM ATST (p<0.01). There-

A positive correlation was found between
HCT116 cell density and COX-2 level (linear regression, r=0.9545, p<0.001), HCT116 cell density and PGE2 level (linear regression, r=0.9734,
p<0.001), and COX-2 and PGE2 levels (linear regression, r=0.9690, p<0.001) (Figure 4). The re-

Figure 1. Effect of ATST on survival rate of HCT116 cells
with treatment time. The survival rate of HCT116 cells had
a significant difference at 24 h compared with that at 0 h
(**p<0.01), but it had no difference at 72 h compared with
that at 48 h (p>0.05).

Figure 2. Effects of different ATST concentrations on survival rate of HCT116 cells. There was a significant difference in the survival rate between HCT116 cells treated with
30 μM ATST and those treated with 0 μM ATST (**p<0.01),
and the same was true between HCT116 cells treated with
30 μM ATST and those treated with 10 μM ATST (**p<0.01).

Figure 3. Kaplan-Meier survival analysis. The overall survival time was obviously longer in patients with low expressions of COX-2 and PGE2 than that in patients with high expressions of COX-2 and PGE2 (p<0.01).
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sults demonstrate that COX-2 and PGE2 levels ATST + anti-COX-2 (p<0.01), with β-actin as an
have a positive correlation.
internal reference protein. The activity of cleaved
caspase-9, caspase-3 and PARP had no remarkable
Protein expressions in cells detected using WB
difference between ATST group and ATST + antiIt was found that the protein expressions COX-2 group. The results demonstrate that ATST
of COX-2 and β-catenin were obviously differ- and anti-COX-2 treatment can induce apoptosis of
ent between ATST + anti-COX-2 group and Con HCT116 cells.
group (p<0.001), while they notably declined in
ATST + anti-COX-2 group compared with those ATST and anti-COX-2 treatment could markedly inin ATST group (p<0.05) (Figure 5). The above hibit cell proliferation
findings suggest that ATST can down-regulate
COX-2 was knocked down in cells via lentiviral
the protein expressions of COX-2 and β-catenin, transfection, and HCT116 cells were treated with
and knocking down COX-2 can lower the expres- ATST. The proliferation of HCT116 cells was desion of β-catenin, further confirming the positive tected using MTT assay. The results manifested
correlation between expressions of COX-2 and that the proliferation of HCT116 cells was evidentβ-catenin.
ly weakened in the ATST group and the ATST +
anti-COX-2 group compared with that in Con group
Effects of ATST and anti-COX-2 treatment on apopto- (p<0.01), while it had no significant changes besis-related molecules detected by WB
tween ATST group and ATST + anti-COX-2 group
As shown in Figure 6, the activity of cleaved (p>0.05) (Figure 7). It can be seen that ATST and
caspase-9, caspase-3 and poly-ADP-ribose-pol- ATST + anti-COX-2 treatment can not only inhibit
ymerase (PARP) was remarkably enhanced in the proliferation, but also promote the apoptosis of
HCT116 cells after treatment with ATST and HCT116 cells.

Figure 4. Correlations of HCT116 cells with COX-2 and PGE2. A positive correlation was found between HCT116 cell
density and COX-2 level (linear regression, r=0.9545, p<0.001), HCT116 cell density and PGE2 level (linear regression,
r=0.9734, p<0.001), and COX-2 and PGE2 levels (linear regression, r=0.9690, p<0.001).

Figure 5. Protein expressions in cells detected using WB. A: Protein bands. B: Protein expressions. The protein expressions of COX-2 and β-catenin were obviously different between ATST + anti-COX-2 group and Con group (***p<0.001),
while they notably declined in ATST + anti-COX-2 group compared with those in ATST group (*p<0.05).
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Figure 6. Effects of ATST and anti-COX-2 treatment on apoptosis-related molecules detected by WB. A: Protein expressions of apoptosis-related molecules detected by WB. B: Protein expressions of related molecules. The activity of cleaved
caspase-9, caspase-3 and PARP was remarkably enhanced after treatment with ATST and ATST + anti-COX-2 (**p<0.01).

Figure 7. ATST and anti-COX-2 treatment could distinctly
inhibit cell proliferation. The proliferation of HCT116 cells
was remarkably weakened in ATST group and ATST + antiCOX-2 group compared with that in Con group (**p<0.01),
while it had no significant changes between ATST group
and ATST + anti-COX-2 group (p>0.05).

Discussion
Colon cancer, the third most common malignancy worldwide, is characterized by a high mortality rate [21]. As a malignant tumor caused by
gastrointestinal lesions, colon cancer mainly has
3 types: adenocarcinoma, undifferentiated carcinoma, and mucinous adenocarcinoma, with the
ulcerative and polypous manifestations [22]. In
recent years, colorectal cancer features are gradually increasing morbidity and mortality rates
mainly in developing countries [23]. Colon cancer progresses through the following 5 steps: 1)
malignancies first develop in the colonic mucosa
or the inner wall of the colon, 2) cancer cells then
invade the colonic submucosa, 3) colon cancer
invades the colonic wall, 4) the cancer cells further spread to lymph nodes, and 5) finally, tumor
nodules are generated in the tissues around the
colon, and the cancer cells invade the liver, lungs
and other tissues [24]. Since early-stage colon

cancer has many symptoms that are inconspicuous, the overwhelming majority of patients have
not been definitely diagnosed with colon cancer
until the middle-advanced stage. Due to blood
circulation and lymphatic infiltration around the
intestinal wall, colon cancer metastasizes to the
peri-intestinal lymph nodes and liver tissues, so
it is very difficult to treat this disease [25]. Only
5-10% of cases of colorectal cancer are confirmed
at the early stage in China. The colorectal cancer
patients at the early stage can be cured mainly
through surgically removing cancer tissues, while
chemotherapy and immunotherapy are performed
for the patients at the advanced stage to control
the spread of tumor cells, thereby extending their
life [26]. At present, it has been held that the morbidity rate of colon cancer can be raised by hyperlipidemia that is caused by increases in cholesterol and lipoprotein content. Clinical studies have
demonstrated that statins can reduce the content
of cholesterol and lipoprotein in the blood. Therefore, delving into the molecular mechanisms of
colon cancer progression, proliferation and apoptosis and searching for novel efficacious treatment
schemes are of important clinical significance,
with the development of molecular pathology
and the research and development as well as the
application of targeted drugs.
In the present study, the influence of ATST
treatment time on HCT116 cells was first studied.
According to the findings, ATST had an inhibitory effect on the proliferation of HCT116 cells,
and the inhibitory effect was the most potent at
the treatment time of 24 h and the concentration
of 30 μM. In tissues, COX-1 can regulate normal
physiological functions, while COX-2 is able to
modulate the release of major inflammatory factors related to cancer progression, and it is overexpressed during the spread of cancer cells to activate angiogenesis and epithelial-mesenchymal
JBUON 2021; 26(4): 1223
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transition. Some studies have found that the colon
cancer patients with lowly expressed COX-2 and
PGE2 survive longer, and that COX-2 may be positively correlated with PGE2 therein. The results
of this study further showed that the density of
HCT116 cells was positively correlated with the
protein expressions of both COX-2 and PGE2, and
that there was a positive correlation between the
levels of COX-2 and PGE2 as well. Therefore, the
level of COX-2 is positively correlated with that of
PGE2. Additionally, it was found through the WB
that ATST down-regulated the expressions of the
COX-2/β-catenin signaling pathway-associated proteins and that the knockdown of COX-2 decreased
the expression of β-catenin. It can be inferred that
the expression of COX-2 is positively associated
with that of β-catenin. Multiple studies have suggested a positive correlation between the protein
expressions of COX-2 and β-catenin in colon cancer
and skin cancer [19]. In the present study, no obvious differences in the activation of cleaved Caspase-9, cleaved Caspase-3 and cleaved PARP were
observed after separate treatment with ATST and
ATST + anti-COX-2, suggesting that both ATST and

anti-COX-2 can promote the apoptosis of HCT116
cells. Besides, the anti-COX-2 HCT116 cells were
constructed via lentivirus infection, and treated
with ATST. Based on these results, ATST and ATST
+ anti-COX-2 repressed the proliferation of colon
cancer cells and facilitated their apoptosis. Hence,
it is believed that ATST down-regulates the COX-2/
PGE2/β-catenin signaling pathway to restrain the
proliferation and promote the apoptosis of colon
cancer HCT116 cells.

Conclusions
In conclusion, the results of the present study
corroborate that ATST inhibits the proliferation
of colon cancer cells and induces their apoptosis
through the down-regulation of the COX-2/PGE2/
β-catenin signaling pathway, thereby providing a
medical theoretical basis for the prevention and
treatment of colon cancer.
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