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Summary

Backgrounds: Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) have
proven therapeutic and preventive effects on cardiovascular diseases. Preclinical evidence de-
monstrates tumor-suppressive effects of statins in several human neoplasias, including breast
cancer. Materials and Methods: In this study, antineoplastic effects of simvastatin in chemo-
prevention of N-methyl-N-nitrosourea-induced mammary carcinogenesis in female rats were
evaluated. The drug was dietary administered at two concentrations - 18 mg/kg (SIMVA 18)
and 180 mg/kg (SIMVA 180). Results: Basic parameters of experimental carcinogenesis after
long-term simvastatin treatment in animals were assessed. In the SIMVA 180 group, simvastatin
significantly suppressed tumour frequency by 80.5% and tumour incidence by 58.5% in com-
parison to the controls. Higher dose simvastatin non-significantly decreased the mean tumor
volume by 23.5%, as well as non-significantly lengthened the latency period by 14.5 days com-
pared to the control animals. Simvastatin, administered at a lower dose did not change para-
meters of mammary carcinogenesis in comparison to the control group. Simvastatin in both
treated groups significantly decreased serum levels of triacylglycerols and VLDL-cholesterol
in comparison to the control animals. Compared to the controls, a significant increase in food
intake by the animals was recorded in the SIMVA 18 and SIMVA 180 groups. No significant dif-
ferences in the final body weight gain between the simvastatin-administered and the control
group were found. Conclusion: This study represents the first report of simvastatin use in expe-
rimental mammary carcinogenesis in vivo.
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ANTINEOPLASTIC EFFECTS OF SIMVASTATIN IN EXPERIMENTAL BREAST CANCER

Suhrn

Vychodiskd: Statiny (inhibitory 3-hydroxy-3-metylglutaryl koenzym A reduktazy) predstavuju latky s dobre dokumentovanymi terapeutickymi
a preventivnymi Gc¢inkami u kardiovaskularnych ochoreni. V predklinickych studiach statiny preukazali tumor-supresivne Ucinky u viacerych
typov neoplazii vratane rakoviny prsnika. Materidl a metddy: V tejto studii sme hodnotili antineoplasticky G¢inok simvastatinu v chemopre-
vencii N-metyl-N-nitrozoureou - indukovanej mamarnej karcinogenézy u samic potkanov. Farmakum bolo aplikované v potrave vo dvoch
koncentraciach - 18 mg/ kg (SIMVA 18) a 180 mg/ kg (SIMVA 180). Vysledky: Po dlhodobej aplikacii simvastatinu sme na konci pokusu vyhodnotili
zakladné parametre experimentalnej karcinogenézy. Simvastatin v skupine SIMVA 180 signifikantne zniZil frekvenciu nadorov 0 80,5 % a inciden-
ciu nadorov o 58,5 % v porovnani s kontrolou. Simvastatin v tej istej skupine zvierat nesignifikantne znizil priemerny objem nadorov o0 23,5 %
a nesignifikantne predizil latenciu o 14,5 dfa v porovnani s kontrolnymi zvieratami. U simvastatinu podavaného v niziej davke sme nepozoro-
vali antineoplastické ucinky. Simvastatin v oboch liecenych skupinéch signifikantne znizil sérové hladiny triacylglycerolov a VLDL-cholesterolu
v porovnani s kontrolnymi zvieratami. V porovnani s kontrolami sme v skupinach SIMVA 18 a SIMVA 180 pozorovali signifikantny ndrast prijmu
potravy u zvierat. Signifikantné zmeny prirastku telesnej hmotnosti medzi skupinami so simvastatinom a kontrolnou skupinou neboli zistené.
Zdver: Tato studia je prvou zmienkou o simvastatine pouzitom v experimentalnej mamarnej karcinogenéze in vivo.
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Introduction

Except for non-melanoma skin can-
cers, breast cancer is the neoplasia with
highest incidence in females all over the
world. Chemoprevention is assumed to
become an effective way to combat the
above neoplasia. The aim of the chemo-
preventive trials is to find an efficient
substance that can be administered for
a long period with minimum adverse
effects. The statins are highly effective
drugs in lowering cholesterol by inhibi-
ting 3-hydroxy-3-methylglutaryl coen-
zyme A reductase. The statins have been
shown to decrease the incidence of ad-
verse cardiovascular events, including
death, myocardial infarction, stroke,
atrial fibrillation and renal dysfunction.
However, increasing evidence suggests
that statins exert pleiotropic effects in
organism, independent of cholesterol
reduction.

Recent pre-clinical in vitro studies
have proven direct or indirect effects
of statins on regulation mechanisms of
the cell e.g. proliferation, differentiation
and apoptosis. These physiological pro-
cesses play a key role in neoplastic trans-
formation; therefore statins is being se-
riously discussed in oncology. Statins,
through mevalonate, inhibit dolichol-,
farnesyl- and geranylgeranyl pyrophos-
phate production and block tumor cell
proliferation [1,2]. Lovastatin has been
demonstrated to stabilize the cell cycle
kinase inhibitors p21 and p27 and to ar-
rest breast cancer cell lines in G1 phase
of the cell cycle [1]. Cerivastatin has been

shown to inhibit Ras- and Rho-mediated
cell growth [2]. Proposed mechanisms
for statin-mediated apoptosis include an
upregulation of proapoptotic protein ex-
pression (e.g., Bax, Bim), combined with
decreased antiapoptotic protein ex-
pression (e.g., Bcl-2) [3], or activation of
caspase-3, caspase-8, and caspase-9 [4].
Angiogenesis play an important role in
the growth of primary tumors and me-
tastasis. High-dose of cerivastatin de-
creased tumor vascularisation by 51%
in a murine Lewis lung cancer model [5].
Statins have been shown to decrease va-
scular endothelial growth factor produ-
ction and to inhibit capillary tube for-
mation [6]. Several lines of evidence
suggest that statins impair the metasta-
tic potential of tumor cells. Statins have
been demonstrated to reduce endothe-
lial leukocyte adhesion molecule E-sele-
ctin [7] and matrix metalloproteinase-9
expression [8]. Fluvastatin and lovasta-
tin reduced liver tumorigenesis and liver
metastases in pancreatic cancer cells [9];
atorvastatin decreased melanoma cell
metastases [10].

Also data from experimental studies
in vivo indicated antineoplastic effects
of statins in rodent colon [11] and he-
patal [12] carcinogenesis. Actual results
of our group demonstrated an apparent
antineoplastic effect of dietary admi-
nistered atorvastatin in the chemopre-
vention of rat mammary carcinogenesis
[Kubatka et al., unpublished results]. Epi-
demiologic studies [13-17] and several
human clinical trials have reported be-

neficial effects of statins in certain neo-
plasias [18-20].

Antitumor properties of statins in
human breast cancer have not been tes-
ted so far. Original experimental studies
are necessary, which should answer the
question about expected tumor sup-
pressive effects of statins in mammary
carcinogenesis. The aim of this study is
to evaluate the chemopreventive poten-
tial of simvastatin in rat mammary car-
cinogenesis. The adverse effects of the
drug after long-term treatment will be
assessed.

Materials and Methods

Female rats of Sprague-Dawley strain
obtained from AnLab (Prague, Czech Re-
public) aged 31-35 days were used in
the experiment. The animals were adap-
ted to standard vivarium conditions with
temperature 23 + 2 °C, relative humidity
60-70%, artificial regimen light : dark
(12 h : 12 h) (lights on from 6 a.m., light
intensity 150 lux per cage). During the
experiment animals drank tap water
ad libitum. The chow containing simvas-
tatin synthesized by Zentiva (Prague,
Czech Republic) was prepared at SSNIFF
Spezialdidten GmbH (Soest, Germany).
Simvastatin was administered in the
chow at two concentrations - 18 mg/ kg
(0.0018%) and 180 mg/kg (0.018%).
Mammary carcinogenesis was induced
by N-methyl-N-nitrosourea (Sigma, De-
isenhofen, Germany) administered in-
traperitoneally in one dose of 50mg/kg
body weight on average the 41" post-

42

Klin Onkol 2011; 24(1): 41-45




ANTINEOPLASTIC EFFECTS OF SIMVASTATIN IN EXPERIMENTAL BREAST CANCER

Tab. 1. Effects of simvastatin in NMU-induced mammary carcinogenesis in female Sprague-Dawley rats at the end of experiment.

Group

tumor incidence (%)
tumor frequency*
tumor latency* (days)
tumor volume* (cm?)

CONT SIMVA 18
63.16 78.95 (+ 25%)
1.89 £0.57 1.84 £ 0.30 (-2.5%)
97.42 +£5.94 95.20 + 3.73 (-2 days)
0.93+0.28 0.74 £ 0.29 (-20.5%)

SIMVA 180
26.32a,b (-58.5%)
0.37 £ 0.16a,b (-80.5%)
112.00 £ 5.42¢ (+14.5 days)
0.71 £0.43 (-23.5%)

CONT - control group, SIMVA 18 — group with administered simvastatin at a concentration of 18 mg/kg in food, SIMVA 180 — group
with administered simvastatin at a concentration of 180 mg/kg in food. *Data are expressed as means £SEM. Values in brackets

are calculated as percentual deviation from the 100% of non-influenced control group (with exception of latency).

Significantly different, 2 P < 0.05 vs CONT, ® P < 0.01 vs SIMVA 18, <P < 0.05 vs SIMVA 18

natal day. Carcinogen was freshly pre-
pared and dissolved in isotonic saline
solution.

Chemoprevention with simvasta-
tin began 8 days before carcinogen ad-
ministration and lasted until the end
of the experiment - 17 weeks after
N-methyl-N-nitrosourea (NMU) applica-
tion. Animals were randomly assigned
to one of three experimental groups:
1. control group without chemopreven-
tion; 2. chemoprevention with simvas-
tatin at a concentration of 18 mg/kg in
the chow (SIMVA 18); 3. chemopreven-
tion with simvastatin at a concentration
of 180 mg/ kg in the chow (SIMVA 180).
Each group consisted of 20 animals. The
animals were weekly weighted and since
6™ week post NMU palpated in order to
register the presence, number, location
and size of each palpable tumor.

In the last - 17" week of the experi-
ment, the animals were quickly decapi-
tated, mammary tumors were excised
and tumor size was recorded. Macrosco-
pic changes in selected organs (liver, kid-
ney, stomach, intestine and lung) were
evaluated at autopsy. Tissue samples
of each mammary tumor were fixed in
10% formol and prepared for histologi-
cal analysis. The tumors were classified
according to the criteria for the classi-
fication of rat mammary tumors [21].
At sacrifice, the blood was collected
from each animal. The selected parame-
ters of serum lipid metabolism were as-
sessed. The following basic parameters
of mammary carcinogenesis were eva-
luated in each group: tumor incidence as
the percentage representation of tumor-
bearing animals, tumor frequency as
the number of tumors per group, la-

tency period determined by the period
from carcinogen administration to the
appearance of first tumor in an animal
and average tumor volume. The effect
of simvastatin on food, water intake and
final body weight gain was observed.
Food and water intake of animals during
24 hours in 7" and 14t week after
carcinogen administration were found
out, overall in 4 measurements (twice
in a mentioned week). The simvasta-
tin doses were calculated in accordance
with the amount of chow consumed.

Tumor incidence was evaluated by
Mann-Whitney test, other parameters by
one-way analysis of variance or Kruskal-
Wallis test. Tumor volume was calculated
accordingto:V=m.(5,)*.S,/12;S,and S,
are tumor diameters (S, <S,).

The experiment was approved by Ethi-
cal Commission of Jessenius Faculty of
Medicine of Comenius University (Pro-

tocol No. EK 320/2007) and by State Ve-
terinary and Food Administration of the
Slovak Republic (accreditation No. Ro-
2061/08-221). This work was supported
by the Scientific Grant Agency of the Mi-
nistry of Education of the Slovak Repub-
lic under contract no. VEGA 1/0029/08.

Results

Apparent tumor-suppressive effects
of simvastatin in the chemopreven-
tion of rat mammary carcinogenesis are
summarized in Tab. 1. The continuous
development of tumor incidence and
frequency is presented in Graph 1
and Graph 2, respectively. In experi-
mental group SIMVA 180, simvastatin
decreased the incidence by 58.5%
(P = 0.023), frequency by 80.5%
(P = 0.013) and average tumor volume
by 23.5% (P = 0.738), and lengthened
the latency by 14.5 days (P = 0.163) in
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Graph 1. Percentage of animals with mammary tumors in NMU-induced tumorigenesis
during simvastatin treatment. Values are expressed as means. Significant difference:
*P < 0.05vs CONT, ® P <0.05 vs SIMVA 18, P < 0.01 vs SIMVA 18.
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Tumor frequency
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Graph 2. Frequency of mammary tumors per group in NMU-induced tumorigenesis
during simvastatin treatment. Values are expressed as means. Significant difference:
* P < 0.05 vs CONT, & P < 0.05 vs SIMVA 18, axt P < 0.01 vs SIMVA 18, nxx P < 0.001

vs SIMVA 18.

comparison with the control animals.
Chemoprevention with simvastatin be-
neficially shifted the rate of malignant to
benign lesions in the group SIMVA 180
(43% : 57%) in comparison with untre-
ated control group (92% : 8%). In com-
parison with the control group, simvas-
tatin administered at a lower dose in
experimental group SIMVA 18 did not
significantly change the monitored pa-
rameters of experimental rat mammary
carcinogenesis.

No macroscopic changes due to sim-
vastatin administration in the selected
organs - liver, kidney, stomach, intestine
and lung were observed. With regard
to plasma lipid metabolism, simvasta-
tin in both treated groups significantly
decreased the levels of triacylglycerols
(P =0.041, resp. P < 0.0001 in SIMVA 18,
resp. SIMVA 180) and VLDL-cholesterol
(P =0.035, resp. P < 0.0001 in SIMVA 18,
resp. SIMVA 180) in comparison with the
controls. The total cholesterol, HDL- and
LDL-cholesterol serum levels were not
changed in animals. The evaluation of
final body weight gain did not reveal sig-
nificant changes in animals with admi-
nistered simvastatin compared to con-
trol animals. Average daily food intake
per rat in all experimental groups was
between 17.7-19.0g of the chow. Com-
pared to controls, a significant increase
in food intake of animals in the group
SIMVA 18 (P = 0.025) and SIMVA 180
(P = 0.013) were found. Daily average

dose of simvastatin per rat was 0.34mg
in the group SIMVA 18, and 3.42mg in
group SIMVA 180.

Discussion
This study is the first report about sim-
vastatin — a 3-hydroxy-3-methylgluta-
ryl coenzyme A reductase inhibitor, used
in experimental rat mammary carcino-
genesis. A substantial chemopreven-
tive effect of simvastatin administered in
the concentration of 180mg/kg of the
diet was recorded in all evaluated para-
meters in rat mammary carcinogenesis.
In order to choose the optimal simvasta-
tin doses in this experiment we took into
consideration daily doses of the drug in
clinical practice. The lower concentra-
tion of simvastatin — 18mg/mg in our ex-
periment was equivalent to daily dose
of the drug (40 mg/day) administered
to patients with hypercholesterolemia.
On our previous experience with atorvas-
tatin [Kubatka et al., unpublished results]
we have used also the 10 times higher
concentration of simvastatin in the diet
(180mg/kg) and this dose has been shown
to be very effective in this experiment.
Similarly, significant antitumor ef-
fects of atorvastatin administered in the
chemoprevention of NMU-induced rat
mammary carcinogenesis in our pre-
vious study were observed [Kubatka
et al., unpublished results]. Dietary ad-
ministered atorvastatin in the dose of
100 mg/ kg (concentration of 0.01%) sig-

nificantly decreased tumor frequency by
80.5% and tumor incidence by 49.5%,
and lengthened latency by 14 days in
comparison with control animals. Our
study pointed to fact that antineoplas-
tic effect of atorvastatin in rat mam-
mary carcinogenesis is independent
from its effects on plasma lipid metabo-
lism: atorvastatin in both concentrations
in the diet did not change the serum le-
vels of triacylglycerols, total cholesterol,
and LDL-cholesterol. Narisawa et al [11]
in 1,2-dimethylhydrazine-induced colon
carcinogenesis in ICR mice, used as
a chemopreventive agent dietary ad-
ministered simvastatin at concentra-
tions of 0.01% (100 mg/ kg) and 0.002%
(20mg/kg) and pravastatin administe-
red in drinking water at concentrations
of 0.01%, 0.001% and 0.005%. Simvas-
tatin and pravastatin (with exception
of pravastatin concentration of 0.001%)
significantly reduced tumor frequency;
the tumor incidence was reduced non-
significantly by both agents. Anticarci-
nogenic effects of statins were proved
also in other in vivo experiments. Pra-
vastatin administered in drinking water
has been shown to reduce the inci-
dence and volume of N-nitrosomorpho-
line-induced hepatic neoplastic nodu-
les in Sprague-Dawley rats [12] and to
reduce N-methyl-N-nitrosourea indu-
ced F344 rat colon carcinogenesis [22].
On the other hand, an actual paper of
Lubet et al [23] reported about dietary
administered atorvastatin and lovas-
tatin either as single agents or in com-
bination with suboptimal doses of ta-
moxifen or rexinoid bexarotene in the
prevention of NMU - induced rat mam-
mary carcinogenesis. Atorvastatin alone
in this experiment in high doses of
125 and 500 mg/ kg of chow did not sig-
nificantly alter incidence and frequency
of mammary tumors. Combining ator-
vastatin (500 mg/ kg diet) with either of
tamoxifen and bexarotene minimally
altered their efficacy. Lovastatin in the
doses of 100 and 400 mg/ kg diet yiel-
ded similar results as atorvastatin with
limited oncostatic effects administered
alone, without obvious synergy with ta-
moxifen or bexarotene [23]. The results
of both above mentioned experiments
with atorvastatin and lovastatin of Lu-
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bet's group are in strong contrary with
the apparent antineoplastic effects of
atrovastatin or simvastatin observed in
our experiments.

In this experiment, a significant an-
tineoplastic effect of simvastatin in rat
mammary carcinogenesis could be ex-
plained by several mechanisms. Above
cited results from preclinical research
suggested that statins have antiprolife-
rative, antiangiogenic and antimeta-
static properties. In addition, data from
experimental studies in vitro demon-
strated the link between statin appli-
cation and apoptosis induction in va-
rious human cells [3,4,24]. In order to
prove proapoptotic effects of atorvasta-
tin in our previous study with atorvasta-
tin [Kubatka et al., unpublished results],
the specimens of each mammary tumor
from all experimental groups were eva-
luated for the mRNA expression of anti-
apoptotic Bcl-2 and pro-apoptotic Bax
genes. In this regard, a significant pro-a-
poptotic shift of ratio in Bax/Bcl-2 mRNA
expression in mammary tumors after
atorvastatin treatment (concentration
of 0.01% in the diet) in our experiment
was confirmed.

Although the favourable effects of sta-
tins in the prevention of cardiovascular
diseases resulting from hypercholeste-
rolemia are well established, the increa-
sing evidence suggests, that these drugs
exert pleiotropic effect independent of
cholesterol reduction. Based on favou-
rable results from oncological research,
statins may thus represent a novel cli-
nical approach for cancer risk reduc-
tion or maybe treatment. Several ques-
tions are unanswered about the role of
statins in cancer patients. It is unknown,
which types of tumors are responsive to
statin therapy. Actual experimental data
suggested that statins may be poten-
tially effective in the treatment of mela-
noma, leukaemia, brain cancer, hepato-
cellular cancer and squamous cell cancer
of the head and neck [25]. Further, it is
not known, which statins are most ef-
fective in carcinogenesis — hydrophilic

statins (pravastatin, rosuvastatin) or li-
pophilic statins (atorvastatin, simvasta-
tin, fluvastatin, lovastatin). Finally, the
optimal statin regimens were not defi-
ned yet. Statins administered in combi-
nation with other oncostatic substances
may enhance tumor suppressive effects.
In order to reduce statin adverse effects
(myopathy, hepatotoxicity, rhabdomyo-
lysis), it is favoured continuous low-dose
drug clinical regimens.

Conclusion

Pleiotropic properties of statins with pro-
ven anticarcinogenic effects in human
cells can open a new era in clinical me-
dicine. The results of this study clearly
pointed to simvastatin favourable ef-
fects in experimental rat mammary car-
cinogenesis and gave the drug a chance
to become a substance with chemo-
preventive efficacy in various neopla-
sias including breast cancer. Our expe-
riment provided a rationale for the use
of the 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitor simvastatin
in women who require the treatment of
hypercholesterolemia and moreover are
high-risk for breast cancer.

References

1. Rao S, Lowe M, Herliczek TW et al. Lovastatin media-
ted G1 arrest in normal and tumor breast cells is through
inhibition of CDK2 activity and redistribution of p21
and p27, independent of p53. Oncogene 1998; 17(18):
2393-2402.

2. Denoyelle C,Vasse M, Korner M et al. Cerivastatin, an in-
hibitor of HMGCoA reductase, inhibits the signaling pa-
thways involved in the invasiveness and metastatic pro-
perties of highly invasive breast cancer cell lines: an in
vitro study. Carcinogenesis 2001; 22(8): 1139-1148.
3.Jiang Z, Zheng X, Lytle RA et al. Lovastatin-induced up-
regulation of the BH3-only protein, Bim, and cell death
in glioblastoma cells. J Neurochem 2004; 89(1): 168-178.
4. Cafforio B, Dammacco F, Gernone A et al. Statins acti-
vate the mitochondrial pathway of apoptosis in human
lymphoblasts and myeloma cells. Carcinogenesis 2005;
26(25): 883-891.

5. Weis M, Heeschen C, Glassford AJ et al. Statins have bi-
phasic effects on angiogenesis. Circulation 2002; 105(6):
739-745.

6. Park HJ, Kong D, Iruela-Arispe L et al. 3-hydroxy-3-me-
thylglutaryl coenzyme A reductase inhibitors interfere
with angiogenesis by inhibiting the geranylgeranylation
of RhoA. Circ Res 2002; 91(2): 143-150.

7. Nubel T, Dippold W, Kleinert H et al. Lovastatin inhibits
Rho-regulated expression of E-selectin by TNFalpha and at-
tenuates tumor cell adhesion. FASEB J 2004; 18(1): 140-142.

8. Wang IK, Lin-Shiau SY, Lin JK. Induction of apoptosis by
lovastatin through activation of caspase-3 and DNase ||
in leukaemia HL-60 cells. Pharmacol Toxicol 2000; 86(2):
83-91.

9. Kusama T, Mukai M, Iwasaki T et al. 3-hydroxy-3-methy-
Iglutaryl-coenzyme a reductase inhibitors reduce human
pancreatic cancer cell invasion and metastasis. Gastroen-
terology 2002; 122(2): 308-317.

10. Collisson EA, Kleer C, Wu M et al. Atorvastatin prevents
RhoC isoprenylation, invasion, and metastasis in human
melanoma cells. Mol Cancer Ther 2003; 2(10): 941-948.
11. Narisawa T, Fukaura Y, Terada K et al. Prevention of
1,2-dimethylhydrazine-induced colon tumorigenesis by
HMG-CoA reductase inhibitors, pravastatin and simvas-
tatin, in ICR mice. Carcinogenesis 1994; 15(9): 2045-2048.
12.Tatsuta M, lishi H, Baba M et al. Suppression by pravas-
tatin, an inhibitor of p21ras isoprenylation, of hepatocarci-
nogenesis induced by N-nitrosomorpholine in Sprague-
Dawley rats. Br J Cancer 1998; 77(4): 581-587.

13. Downs JR, Clearfield M, Weis S et al. Primary preven-
tion of acute coronary events with lovastatin in men
and women with average cholesterol levels: results of
AFCAPS/TexCAPS. Air Force/Texas Coronary Atheroscle-
rosis Prevention Study. JAMA 1998; 279(20): 1615-1622.
14. Cauley JA, Zmuda JM, Lui LY et al. Lipid-lowering drug
use and breast cancer in older women: a prospective
study. J Womens Health (Larchmt) 2003; 12(8): 749-756.
15. Poynter JN, Gruber SB, Higgins PD et al. Statins and
the risk of colorectal cancer. N Engl J Med 2005; 352(21):
2184-2192.

16. Blais L, Desgagné A, LeLorier J. 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase inhibitors and the risk
of cancer: a nested case-control study. Arch Intern Med
2000; 160(15): 2363-2368.

17. Shannon J, Tewoderos S, Garzotto M et al. Statins and
prostate cancer risk: a case-control study. Am J Epidemiol
2005; 162(4): 318-325.

18. Katz MS, Minsky BD, Saltz LB et al. Association of statin
use with a pathologic complete response to neoadjuvant
chemoradiation for rectal cancer. Int J Radiat Oncol Biol
Phys 2005; 62(5): 1363-1370.

19. Kawata S, Yamasaki E, Nagase T et al. Effect of pravas-
tatin on survival in patients with advanced hepatocellu-
lar carcinoma. A randomized controlled trial. Br J Cancer
2001; 84(7): 886-891.

20. Minden MD, Dimitroulakos J, Nohynek D et al. Lovas-
tatin induced control of blast cell growth in an elderly pa-
tient with acute myeloblastic leukemia. Leuk Lymphoma
2001; 40(5-6): 659-662.

21. Russo J, Russo IH. Atlas and histologic classification of
tumors of the rat mammary gland. J Mammary Gland Biol
Neoplasia 2000; 5(2): 187-200.

22. Narisawa T, Morotomi M, Fukaura Y et al. Chemopre-
vention by pravastatin, a 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitor, of N-methyl-N-nitro-
sourea-induced colon carcinogenesis in F344 rats. Jon
J Cancer Res 1996; 87(8): 798-804.

23. Lubet RA, Boring D, Steele VE et al. Lack of efficacy of
the statins atorvastatin and lovastatin in rodent mam-
mary carcinogenesis. Cancer Prev Res 2009; 2(2): 161-167.
24, Blanco-Colio LM, Villa A, Ortego M et al. 3-Hydroxy-
3-methyl-glutaryl coenzyme A reductase inhibitors, ator-
vastatin and simvastatin, induce apoptosis of vascular
smooth muscle cells by downregulation of Bcl-2 expres-
sion and Rho A prenylation. Atherosclerosis 2002; 161(1):
17-26.

25. Hindler K, Cleeland CS, Rivera E et al. The role of sta-
tins in cancer therapy. Oncologist 2006; 11(3): 306-315.

Klin Onkol 2011; 24(1): 41-45

45




