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			Abstract 

			3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, or statins, are commonly-used drugs as cholesterol lowering medications in patients with hypercholesterolemia or cardiovascular disorders. Beyond cholesterol lowering properties, statins also exert pleiotropic actions. In certain breast cancer cell lines, preclinical studies demonstrated that statins have anti- proliferative properties with apoptosis induction properties and decrease in the invasion and metastasis. Also, statins may have a role in treatment of highly aggressive types (e. g., inflammatory breast cancer and triple-negative type) known to have poor prognosis. In metastatic bone disease, there are evidences of their beneficial role in prevention of bone resorption. The major advantage of statins is that it is inexpensive, well tolerated and hence it is considered to be cost effective agents in cancer treatment. So, incorporation of statin in breast cancer treatment should be encouraged in future randomized control studies.
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			Introduction

			Statins are inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)reductase, commonly used as cholesterol lowering drugs [1]. Beyond the cholesterol lowering function, statin exert pleiotropic actions as stabilization of atherosclerotic plaque, reduction of vascular inflammation, and some degrees in reduction of short term recurrent ischemia in coronary heart diseases. Also,they have immunomodulatory effects and sometimes are beneficial in autoimmune conditions. Antiproliferative effects on smooth muscles and stimulation of bone marrow, also have been recorded [2,3]. In cancer, Statins interrupt the mevalonate pathway which affect many downstream signals responsible for cancer growth and progression [4]. Both pre-clinical and clinical studies have shown that statins have anti-tumor effect in a variety of tumor cell lines, including melanoma, glioma, neuroblastoma, and leukemia cell lines [5]. Also, both pre-clinical and clinical trials support their possible benefits in breast cancer [6].

			Pharmacology

			HMG-CoA Reductase (HMGCA) is a rate limiting enzyme in mevalonate pathway. Statins are competitive inhibitors of this enzyme. By inhibition of HMGCR, mevalonate synthesis is inhibited and subsequently its downstream signals are arrested [6]. Pharmacodynamically, after oral intake, about 30% to 80% of the drug is absorbed in the intestine, then, it undergoes 

extensive first-pass hepatic uptake in which biotransformation is occurred with elimination of more than 70 % of drug metabolites [7]. The peak plasma concentration was reached after 1 - 4 hours after drug intake with different half -life of the original drug, in atorvastatin and rosuvastatin for example it is 20 h,12 h in simvastatin and ranged 1-4 h for other statins[8]. Regarding the solubility, the hydrophilic statins (lovastatin) are limited to the liver, but the lipophilic ones (atorvastatin) have extrahepaticpermeation, this may explain why many studies showed that the lipophilic statins are more effective in cancer treatment greater than hydrophilic ones [9,6].

			Statins and Cellular Proliferation

			As known, Mevalonate is a precursor of various cell cycle regulating compounds (e.g., geranylpyrophosphate (GPP), farnesyl pyrophosphate (FPP) and dolichol which are linked to DNA synthesis and subsequent several tumor proteins production as Ras and Rho, which involved in regulation of cellular signal transduction of some membrane receptor proteins critical for gene transcription involved in cellular proliferation, differentiation, and apoptosis [5,10]. The preclinical studies showed that statins cause inhibition of GPP, FPP and dolichol production with subsequent arrest of tumor cell proliferation [11]. In breast cancer, statins Inhibit cellular proliferation by interfering with different ways of these pathways, this was explained in various studies. Statins were supposed to exert their action by inhibition of RhoA-like GTPases which are appeared to be more expressed in breast tumors rather than in normal cells, also the RhoA-like proteins amount was associated with other prognostic factors as tumor grade and proliferative indices [12]. Keyomarsi et al. in their study demonstrated that statins cause FPP and GGPP depletion and disrupt protein prenylation with subsequent inhibition of proliferation in cancer cells [13]. Kanugula et al. [14] investigated in their study the effect of lipophilic statins on nuclear factor kappa B (NFκB) which isa transcription factor when activated increase proliferation and reduce apoptosis. They found that lipophilic statins deactivate NFκB with subsequent inhibition of proliferation in some breast cancer cell lines. Also, they observed that breast cancer cells with Ras or cErbB2 expression had higher amount of activated NF-κB than those with estrogen receptor expression, and so, it may be more sensitive to statins. So, statins may have benefits in the treatment of these types of breast cancer as triple negative type [14]. The anti-proliferative effect of statins in breast cancer was confirmed in various studies by detecting the changes of proliferative indices before and after statins administration. The proliferation of breast cancer cells was assessed by changing of Ki 67 pre-andpost-statins intake as shown on study conducted by Bjarnadottir et al [15]. Similar results were obtained in other studies confirming the anti-proliferative effect of statins on breast cancer tissues [16-24]. 

			Anti-Angiogenesis Effect

			In several studies, the relation of statins and angiogenesis was investigated and variable results were obtained. In some studies, statins were supposed to be inhibitors of angiogenesis and decrease tumor vascularization and endothelial proliferations [17,18]. Other studies showed different results in which statins appeared to be angiogenesis stimulators through nitric oxide synthase activation with subsequent endothelial proliferation [19]. There is another opinion in which the effect of statins onthe endothelium is dose related, as shown in Weis et al. [17] study in which they demonstrated that low dose of statins (0.5 mg/kg/day)stimulate endothelial cell proliferation, but higher dose (2.5 mg/kg/day) showed significant inhibition of angiogenesis [17]. So, the anti-angiogenic effect of statins needs further researches to be clarified and this effect should be investigated in both tumors and normal tissue variants models.

			Statins and Apoptosis 

			Various experimental cancer studies have demonstrated that statins have apoptotic properties in several tumor cell lines, and these effects were seen in both solid and hematologic malignancies [5]. In breast cancer, extensive studies were undertaken to investigate the effect of statins on apoptosis in breast cancer cell lines, Koyuturk et al. [20] showed that statins cause apoptosis in breast cancer cells by activation of Jun N-terminal kinases (JNK) signaling pathways, they also observed that effect was independent ofER or p53 status [20]. Interestingly, the same results obtained in other studies conducted by Brozovic et al and Brantley-Finley et al, they found in their studies the resistance to chemotherapeutic drugs as vinblastine and cisplatin results from inhibition of JNK activation, so statins may decrease this resistance to these agents. They also observed that, statins(simvastatin) caused cell-cycle arrest, apoptosis and JNK cellular signaling activationin both ER-negative with mutant p53 and ER -positive with wild-type p53 [21,22]. Also, NFκB and Akt areimplicated as targets for statins in other studies, in a study conducted by Ghosh-Choudhury and colleagues to find how statins (simvastatin) cause breast cancer cell growth inhibition, their results showed that simvastatin cause inhibition of NFκB with subsequent inhibition of expression and transcription of BclXL which is a strong antiapoptotic protein with derepression of PTEN which is antiproliferative tumor suppressor, also, they found that statins (simvastatin) cause significant inhibition of Akt phosphorylation [23]. Another study implicated NFκB, in which the researcher found that simvastatin produce apoptosis in breast cancer cell lines through RhoA-dependent retention of NFκB to the cytosol with subsequent inhibition of BCL-2 which is an anti-apoptotic protein accompanying reduction of AKT1 production and then decrease in PKB/AKT proteinlevel [24], the end results of all these mechanisms and pathways is induction of apoptosis.

			Tumor Invasion and Metastasis

			The effect of statins on tumor invasion and metastasis was investigated in several studies and there are evidences support the role of statins in impairment of metastatic processes of the tumor by inhibiting several growth factors and invasion factors responsible for tumor invasion and widespread metastasis (e. g., E-selectin, matrix metalloproteinase and epithelial growth factor) in various of tumor cell lines [5]. In certain breast cancer cell lines, the researcher found that combination of statins (atorvastatin) with bisphosphonate (zoledronic acid) was associated with decrease in bone metastasis through inhibition DKK-1 expressed tumors, these results was supported by results of previous studies which showed that atorvastatin and zoledronic cause inhibition of the Wnt inhibitor DKK-1 in breast cancer cell lines(MDA-MB-231, MCF-7 and T47D) and inhibition of WNT3A induced OPG which is potent inhibitor of osteoclast activity production and inhibition of osteoblast differentiation [25,26]. Also, statin (cerivastatin) was suggested to inhibit invasion and metastasis in the aggressive subtypes through prevention of FPP and GPP synthesis which responsible for Ras and Rho translocation in to the cell membrane with subsequent prevention of tumor proliferation and cellular migration as well as cellular signal transduction associated with cellular motility, also, the study showed that cerivastatin deactivated NFκB related to RhoA inhibition processes, leading to reduction in matrix metalloproteinase and urokinas responsible for cellular invasion and migration, this also was noted using another type of statins (lovastatin) that was investigated to test its effect on the F3II sarcomatoid type of breast carcinoma, a highly aggressive, invasive and metastatic tumor type. It was noted that itprevented tumor cell attachment and migration in vitro and significantly prolonged the time for tumors appearance and decreased tumor growth and metastasis to the lungs from breast carcinomas in vivo [27,28].

			Future Directions

			As stated above, the role of statins as anticancer agents was established in several preclinical studies through its antiproliferative, apoptosis induction, anti-angiogenesis and other properties preventing tumor growth and spread. However, the incorporation of statins in cancer treatment protocols still limited, there are some studies that try to find the effect of statins in treatment of breast cancer by incorporation of statins either alone or in combination with other agent to improve its response and decrease risk of tumor recurrence. Combination of endocrine therapy and cholesterol-lowering medication (CLM) was tested in a recent large observational study by the Breast International Group (BIG) 1-98, in which systemic levels of total cholesterol and use of (CLM) were measured at study entry and every 6 months up to 5.5 years, the authors concluded that cholesterol-lowering medication usage during adjuvant endocrine treatment may have a role in prevention of breast cancer recurrence in hormone receptor–positive early-stage breast cancer and they recommend that these observational results should be addressed in future prospective trials [29]. After postmastectomy radiotherapy of high grade breast cancer tumor (e. g., inflammatory and triple negative types) the local failure was expected, Lacerda et al in their study showed that simvastatin radiosensitizes mammosphere-initiating cells of inflammatory breast cancer(IBC) cell lines (MDA-IBC3, SUM149, SUM190) and of the metaplastic, non-IBC triple-negative receptor cell line (SUM159), they concluded that patients with IBC and triple-negative non-IBC breast cancer have the high rates of local failure, without available known radiosensitizers and they reported significant improvement in local control after post mastectomy radiotherapy among statin users with IBC and significant radio sensitization among triple-negative and IBC cell lines of multiple subtypes using simvastatin, so, they recommend that simvastatin should be justified as a radio sensitizing agent by future prospective clinical trials [30]. Moonindranath et al. [6] in their review reported that triple-negative breast cancer and patients with metastatic bone from breast cancer are associated with high levels of DKK-1 which is a negative prognostic marker. So, they suggest that statins may prove to be a more effective alternative than bisphosphonates when used alone or in combination in prevention of bone resorption resulted from bone metastases in patients with breast cancer [6].

			Conclusion

			Statins are commonly prescribed drugs relatively inexpensive and well-tolerated in majority of patients. In the era of anti-cancer research specially breast cancer, there are evidences suggest that statins could be used in treatment and prevention through its anti-proliferative, anti-angiogenic, and anti-metastatic properties. However, there are some debates regarding its optimal dose, safety, side effects when used with chemotherapeutic agents and biomarkers determine its effects. However, the role of statins in breast cancer research shouldn’t be neglected in the future studies and the next randomized controlled trials should be focused on the role of statin in improvement of response if combined with commonly used anticancer therapy as chemo, hormonal and radiotherapy.
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