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Abstract - Statins represent a major class of compounds for the treatment of hypercholesterolemia due to their ability to 
inhibit de novo cholesterol synthesis, namely mevalonate pathway. In recent years, the functions of statins unrelated to 
mevalonate pathway are becoming interesting subject of research mainly because of their so called pleiotropic effects, that 
include the possible anti-oxidative effects, anti-inflammatory and immunomodulary functions, modulation of cell 
proliferation and endothelial function or even canceroprotective effect. Thanks to the potentional canceroprotective effects of 
statins their application as chemoadjuvants has been proposed. For this application the exact molecular mechanisms of 
statins' actions should be elucidated. Our study is focused on the effect of the all commertially available statins on cell 
morphology, cytoskeleton and cell cycle of pancreatic cancer cells. 
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I. INTRODUCTION 
 
Statins (inhibitors of HMG-CoA reductase) represent 
a dominant group of substances used in the treatment 
of hypercholesterolaemia due to their ability to inhibit 
the newly synthesized cholesterol, the so called 
mevalonate pathway. End products of mevalonate 
pathway (isoprene units incorporated into sterol and 
non-sterol compounds including cholesterol, 
ubiquinone, isopentenyladenine, geranylgeranyl 
diphosphate (GGPP) and farnesyl diphosphate (FPP)) 
are indispensable for various cell functions (1). Due 
to depletion of the mevalonate pathway end products, 
the statins have, besides the hypolipidemic effects, a 
number of other pleiotropic biological effects. These 
include mainly anti-inflammatory, 
immunomodulatory, antioxidant, proapoptotic, 
antiproliferative or endothelial dysfunction activities 
(2). The historical development of the role of statins 
from cholesterol-lowering agents to anti-tumor agents 
has also been very clearly mapped by Clendening a 
Penn (3). The canceroprotective effect of statins is 
attributed in particular to their effect on protein 
prenylation, from which GTP-binding Ras proteins 
significantly regulate cellular functions including cell 
proliferation. Approximately 30% of all malignant 
human tumors are characterized by activation 
mutations of the ras genes and, for example, in 
pancreatic carcinomas this number is 90% (4). 
Compared to other types of tumors, pancreatic tumors 
are significantly less involved in both clinical and 
basic research as there is a lack of new therapeutic 
procedures for the treatment of pancreatic tumors (5). 
Statin-mediated inhibition of farnesylation of the Ras 
protein appears to be a promising supportive 
approach to modifying cell proliferation in pancreatic 

tumors and cancer tissues in general. 
Antiproliferative and anti-tumor effects of statins 
have been described in various experimental tumor 
models, including pancreatic tumors (6-18) and 
others. However, it should be noted that not all 
clinical trials have shown the anticancer effects of 
statins (19-22), and the conclusions of many studies 
are in contrast to anti-tumor effects of statins (for 
example in pravastatin in low-activity in vitro) 
(23,24). 
 
II. MATERIAL AND METHODS 
 
Used cell lines 
MiaPaCa-2 – human poorly differentiated pancreatic 
adenocarcinoma cells with an activation mutation in 
the K-Ras gene (G12C) – (ATCC, USA) 
BxPC-3 – human poor to moderately differentiated 
pancreatic adenocarcinoma cells with the wild type of 
the K-Ras coding gene and increased expression of 
cyclooxygenase 2 – (ATCC, USA) 
Capan-2 - human well differentiated pancreatic 
adenocarcinoma cells with an activation mutation in 
the K-Ras gene (G12V) – (ATCC, USA) 
The tested compounds – statins 
Eight commercially available statins (simvastatin, 
lovastatin, fluvastatin, pravastatin, atorvastatin, 
cerivastatin, pitavastatin, rosuvastatin - LKT 
Laboratories, Inc.) were dissolved in methanol 
(Sigma, USA), pitavastatin in DMSO and, after 
dissolution, stored at -20 °C. 
Cultivation of cells 
Cell lines were cultured in a thermostat at 37°C and a 
humidified atmosphere containing 5% CO2. The 
following media were used for cultivation: 
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DMEM (Sigma, USA) enriched with fetal serum 
(10%, Sigma, USA) for the MiaPaCa-2 cells, RPMI 
(Sigma, USA) enriched with fetal serum (10%, 
Sigma, USA) for the BxPC-3 cells, McCoy ((Sigma, 
USA) enriched with fetal bovine serum (10%, Sigma, 
USA) and L-glutamine (1,5 mM, Sigma, USA) for 
the Capan-2 cells. 
Treatment of individual cell lines by statins 
The cells were inoculated into 6-well culture plates 
and cultured under optimum conditions for 24 hours. 
Subsequently, they were cultured for 24, 48, 72 hours 
for the purpouse of fluorescence microscopy and for 
24 hours for the purpouse of flow cytometry in the 
presence of individual statins at concentrations 
corresponding to IC50 of simvastatin for individual 
cell lines (MiaPaCa-2 - 12 µM, BxPC-3 – 26 µM, 
Capan-2 – 14 µM). Control cells were cultured in the 
presence of the appropriate solvent (methanol, 
DMSO). 
Cytoskeleton fluorescence microscopy 
After being affected, the cells were fixed for 20 
minutes in 4% formaldehyde solution in PBS. After 
aspiration of the fixating solution, the cells were 
washed with 1 ml of PBS and then incubated for 20 
minutes in a solution of phalloidin (1:1000) (which 
binds to oligo- and polymers of the actin) conjugated 
to TRITC (tetramethylidaminisothiocyanate) in PBS. 
After phalloidine removal, the cells were washed 
three times with PBS solution and layered with the 
same solution. ZEISS microscope (Germany) was 
used for microscopy. 
Flow cytometry 
After cells were cultured with statins, cells (1 x 106) 
were centrifuged (300 x g, 5 minutes). The sediment 
was resuspended in 1 ml PBS and re-centrifuged (300 
x g, 5 minites). The sediment resuspended in a small 
amount of PBS was supplemented with 1 ml of 70% 
ice cold ethanol. The prepared cell suspension was 
stored at -20°C. For the cell cycle analysis itself, the 
commercially available MuseTMCellCycle kit was 
used and the analysis was carried out by reagent 
staining according to the manufacturer's instructions 
on the flow cytometry MouseTMCellAnalyzer. 
 
III. RESULTS AND DISCUSSION 
 
In general, pravastatin and rosuvastatin showed the 
lowest effect on cell morphology and confluency. 
Cerivastatin and pitavastatin showed the largest 
effect. These results correlate with IC50 values for 
individual cell lines published by Gbelcová et al. 
(25). 
The effect of statins on cell cytoskeleton  
Illustration of the intact structure of actin filaments is 
shown in Fig.1a, the structure of the disturbed actin 
filaments is captured in Fig.1b. Cerivastatin and 
pitavastatin affected the cytoskeleton of the tested 
cells after 24 hours of treatment. After 72 hours, they 
caused release of cells from the culture surface. 
Contrary, pravastatin did not affect the actin 

cytoskeleton cells in the tested concentration even 
after 72 hours of treatment. In the most differentiated 
Capan-2 cell line, changes in the cytoskeleton were 
observed after 24 hours of cultivation with fluvastatin 
and pitavastatin and, to a lesser extent, simvastatin. 
After 48 hours, the effect of all statins was observable 
except for pravastatin and rosuvastatin. The effect of 
rosuvastatin was apparent only after 72 hours of 
action. 
The results of observation of the effect of statins on 
actin cytoskeleton cells correlate with observations of 
morphological changes of cells following the 
treatment by statins (25). 
a. 

 
b. 

 
Fig.1. The effect of statins on the structure of the actin 

cytoskeleton: a) intact actin cytoskeleton, b) disturbed actin 
cytoskeleton. 

 
The influence of statins on the cell cycle 
All statins, with the exception of pravastatin, more or 
less significantly affected the cell cycle. The affect of 
individual statins was significantly different among 
the individual cell lines. There was not only the 
significance of the effect but also the way the statins 
affected the cell cycle of the cells of various types of 
pancreatic tumors (Fig.2a-c). In the case of MiaPaCa-
2 cells, the two most effective statins had the most 
significant effect on the cell cycle – pitavastatin 
and cerivastatin – Fig.2a shows an increase in the 
amount of cells in the G0/G1 phase. Lovastatin had a 
comparable effect, which is also commercially 
available as a cell-synchronizing agent in the G1 
phase of the cell cycle by inhibiting the proteasome 
(26). With an increasing degree of cell differentiation, 
the significance of the statins effect on the cell cycle 
of cells has generally decreased. At the same time, if 
we observed the effect on more differentiated cell 
lines, there was no increase in G1/G0 phase cell 
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levels, as in MiaPaCa-2 cells but rather in G2/M 
phase (Fig.2b and 2c). 
 

 
Fig.2. The effect of statins on the cell cycle of cells: 

a) MiaPaCa-2, b) BxPC-3, c) Capan-2.  
C – control, Ce – cerivastatin, Pi – pitavastatin, S – 
simvastatin, L – lovastatin, F – fluvastatin, A – 
atorvastatin, Pr – pravstatin, R – rosuvastatin. 
Concentration of statins - 12µM, duration of action - 
24 hours. 
 
CONCLUSIONS 
 
Resistance of individual tumor lines derived from 
pancreatic tumors has increased with the degree of 
their differentiation, namely in order MiaPaCa-2, 
BxPC-3 and Capan-2. The less effective statins, 
pravastatin and rosuvastatin, showed negligible 
effects on the actin cytoskeleton as well as on the cell 

cycle of the test cells at the tested concentrations. On 
the contrary, the most effective statins, cerivastatin 
and pitavastatin, have been shown to be very 
effective in all experiments after 24 hours of 
treatment. 
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