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Background and Objective: Considering the anti-cancer effects of statins on colon cancer
previously reported in epidemiological studies and uncertainty about the mechanisms of action, this
study was performed to investigate the effect of statins in combination with chemotherapy on colon
cancer cell lines.

Methods: The present study, which is a laboratory study, was performed on HT-29 cell line as colon
cancer cell line and normal HFF cell line. After cell culture, atorvastatin at doses of 15 and 30 uM,
rosuvastatin at doses of 30 and 60 uM, simvastatin at doses of 10 and 20 uM and 5-fluorouracil (5-
FU) at 20 pg/ml were used for interventions in this study. Interventions were performed alone and in
combination. Finally, MTT test was performed to evaluate cell viability.

Findings: Mean cell viability in simvastatin (20 uM) and simvastatin (20 uM)+5-FU (20 pg/ml) on
colorectal cancer cell lines was 58.46+7.58 and 55.73+15.33 (p=0.999), respectively, in rosuvastatin
(30 uM) and rosuvastatin (30 uM)+5-FU (20 ug/ml) was 91.63+£10.3 and 56.2+10.27 (p=0.026),
respectively, and in atorvastatin (30 uM) and atorvastatin (30 uM)+5-FU (20 pg/ml) was 82.3+26.9
and 52.16+9.49 (p=0.24), respectively.

Conclusion: The evaluation of cell proliferation showed that the addition of rosuvastatin to standard
chemotherapy, unlike atorvastatin and simvastatin, had an increasing effect on cytotoxicity.
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Introduction

Among all types of cancer, colorectal cancer is the most common cancer of the gastrointestinal tract and
accounts for 38% of gastrointestinal cancers. This disease is the third most common cancer in men and the
fourth most common cancer in women (except skin cancer) and its prevalence is increasing compared to
previous years (1). Colorectal cancer is a multifactorial disease. Inflammatory bowel disease, low physical
activity, high BMI, red meat consumption, low consumption of vegetables and fruits, smoking, family
history are among the risk factors for this cancer (2).

Statins (3-Hydroxy-3-methylglutaryl-coenzyme A [HMG-CoA] reductase inhibitors) are the most potent
lipid-lowering agents whose toxic role is relatively known (3, 4). The main target of statins is the mevalonate
pathway, which is an important metabolic pathway. Statins inhibit the synthesis of mevalonate (an early
stage in cholesterol biosynthesis) and thus inhibit downstream metabolic products in this pathway (5, 6).
The mevalonate pathway not only leads to the production of cholesterol but also production of isoprenoids
that are vital in various cellular processes such as cell growth and differentiation (7).

Recently, the beneficial effects of statins in reducing the incidence of colon cancer and metastatic
properties have attracted special attention. A large population-based cohort study showed that long-term
use of statins resulted in a relative 47% reduction in the risk of colorectal cancer after adaptation of
other risk factors. Statins along with 5-FU based on preoperative radiotherapy improves pathological
responses to rectal cancer, while the use of statins in postoperative treatment does not improve
survival outcomes (overall survival and progression-free survival of patients with stage Il colorectal
cancer) (8).

Considering the effective role of statins in the treatment of cancer, which has been reported in
observational studies, an in vitro analysis was performed in this study to investigate the anti-proliferative
effects of statins with the aim of determining the role of different statins in combination with chemotherapy
on colon cancer cell lines.

Methods

The present research is an in vitro study with ethics code IR.MAZUMS.IMAMHOSPITAL.REC.1398.019,
which was conducted on HT-29 colon cancer cell lines with code C466 prepared from Pasteur Institute
of Iran and HFF cell lines with code C10721 prepared from Iranian National Institute of Biological
Resources.

Cells were cultured in a cell culture flask and RPMI 1640 medium in an incubator at 37° C in the presence
of 5% CO2 and 97% humidity. For interventions, statins (atorvastatin, rosuvastatin and simvastatin) were
used in different concentrations and 5-FU was used at a dose of 20 pug/ml. Interventions were performed
alone and in combination. Doses of 15 and 30 uM were used for atorvastatin, 30 and 60 uM for rosuvastatin,
and 10 and 20 uM for simvastatin.

To evaluate the effect of the 12 types of intervention in this study, MTT method was used to measure
cell viability and 48 hours after the intervention, the culture medium was removed and the cells were washed
3 times with PBS. MTT powder (at a concentration of 5 m/ml dissolved in PBS) was added to each well at
25 pl concentration. The plate was covered with aluminum foil and incubated for 4 hours. The supernatant
was discarded and 100 pl DMSO was then added to each well. The plate was then placed on a shaker for 20
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minutes and then read with a microplate reader at 570. The optimum density of each dose was 100 times
the cell viability relative to the control group. All interventions were repeated 3 times. The obtained data
were analyzed by SPSS statistical software, ANOVA and post hoc tests and p<0.05 was considered
significant.

Results

Mean and standard deviation of cell viability in different concentrations of statins and chemotherapy on
HT-29 cell line are shown in Figure 1. ANOVA test did not show a significant difference between different
doses of simvastatin alone and in combination with chemotherapy as well as chemotherapy alone. Tukey
test also showed no significant difference between the two groups.

Regarding rosuvastatin, ANOVA test showed a significant difference between the groups (p=0.011) and
Tukey test also showed a significant difference between rosuvastatin and rosuvastatin with chemotherapy
(p=0.026). ANOVA test also showed a significant difference between different groups related to atorvastatin
(p=0.033) and Tukey test did not show a significant difference between the two groups.

Mean and standard deviation of cell viability in different concentrations of statins and chemotherapy
on HFF cell line are shown in Figure 2. Statistical test showed that there was no significant difference
between different doses of statins alone compared to the combined interventions of statins along with
chemotherapy.
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Figure 1. Comparison of mean cell viability at different concentrations of simvastatin and
chemotherapy on HT-29 cell line
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Figure 2. Comparison of mean cell viability at different concentrations of simvastatin and
chemotherapy on HFF cell line

Discussion

The results of the present study showed that the addition of rosuvastatin, unlike atorvastatin
and simvastatin, had an increasing effect on cell proliferation of chemotherapy medications. In most
studies on cells, statins have had a significant effect on other cancer-related cellular activities. One study
found the effect of lovastatin on thyroid cancer cells; Lovastatin induces pro-apoptotic activity in these
cells (9).

Yang et al. showed that atorvastatin-induced activation of AMPK could induce P21 expression, which
is positively associated with beclin-1 expression in CRC patients. In summary, activation of AMPK by
atorvastatin increases P21 expression and ER stress response and ultimately autophagy (10). By studying
cell lines for colon, ovary, breast, lung, prostate, melanoma, and brain cancers, Warita et al. showed
that lowering the intracellular cholesterol levels induced by atorvastatin treatment was associated with
inhibition of cancer cell growth. Exogenous expression of E-cadherin cell surface makes statin-sensitive
cells relatively resistant, which means that statin resistance is partly dependent on epithelial phenotype for
tumor cell uptake. Thus, just as metastatic tumor cells undergo epithelial-mesenchymal transition
during the onset of metastatic cascade, statin therapy may be an effective way to target cells with high
diffusion capacity (11).

The function of statins against cancer is based on inhibiting cholesterol formation and changing
membrane composition, which activates proapoptotic factors such as caspase-3 and induces cell death
(7, 12). In their study, Qi et al. showed that simvastatin induces the death of colon cancer cells at least in
some parts by intracellular oxidative stress and induction of apoptosis (13). Comparison of the present study
with other studies shows that statins play an inhibitory role on cancer by affecting the process of apoptosis
and some of them, including rosuvastatin, appear to play a role in the proliferation of cancer cells. However,
this discrepancy between cellular studies has also been observed in epidemiological studies of statins. In the
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study of Clancy et al., the rate of unadjusted mortality per 100,000 people per year was lower in the statin
group compared to the control group. After multivariate adjustment, statin users had a lower incidence of
CRC than glaucoma drugs users. In gender-disaggregated analyses, they found a protective association in
men, but these results were not true for women (14). However, in a study in Finland, all statin users who
had at least one prescription from 1996 to 2005 and were not diagnosed with cancer at the time of first
purchase and were followed for an average of 8.8 years showed, in general, no detectable association
between statins and cancer (15), or in another study in Canada, the risk of CRC among regular statin users
was similar to that of people who had never used statins (16).

One of the strengths of the present study was the evaluation of the effect of statins on cell proliferation.
Studies in this field are limited and one of the limitations of the present study is the lack of investigation of
other mechanisms affecting the cancer process such as apoptosis.

Finally, it can be concluded that the addition of rosuvastatin, unlike atorvastatin and simvastatin along
with chemotherapy drugs, has an increasing effect on the cytotoxicity of chemotherapy drugs.
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