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Abstract
Introduction

Triple negative breast cancer is characterized by rapid growth and dissemination. Epithelial to
mesenchymal transition facilitates tumor progression and cellular stemness status. Statins are
affordable medicines with traditional action as inhibitors of the cholesterol synthesis pathway, as well as
of protein prenylation, attributing a pleiotropic role in cellular behavior and in anti-tumor treatment.

Methods & Results

The effect of simvastatin on the aggressive characteristics of the Hs578T TNBC cell line was examined,
in doses corresponding to 85%, 70% and 50% of cellular viability. Our results indicate that the treatment
near to the IC50 of simvastatin could attenuate the aggressive features of Hs578T cells. On the other
hand, at concentrations below IC50 simvastatin exerted a totally different effect since it enhanced cellular
migration and increased the expression of stem cell and EMT markers. Simvastatin also seems to exert a
suppressive effect on TNBC-speci�c miRNA expression in a dose-independent manner.

Conclusions

Simvastatin at high dose (IC50) exhibits anti-cancer effect, but at low dose (IC15) exerts a tumor-
promoting role on Hs578T cells. Concerns may arise for the tumor drug effect in patients and especially
for tumor cells where drug bioavailability could be low, as the pharmacological response may be different
from the expected. 

1. Introduction
Triple negative breast cancer (TNBC) is the most aggressive among breast cancer subtypes, amounts to
∼15% of breast cancers worldwide. TNBC tends to grow quickly and metastasize and is often associated
with worse prognosis. At molecular level, TNBC is characterized by the lack of estrogen and progesterone
receptors expression and lack of human epidermal growth factor receptor 2 (HER-2) ampli�cation.
Nevertheless the treatment options of surgery, radiation and chemotherapy, high recurrence rate
characterized by secondary sites is observed in TNBC, a feature that is related with the majority of breast
cancer deaths [1]. Metastasis is driven by a highly aggressive subpopulation of cells that have undergone
epithelial-mesenchymal transition (EMT) presenting enhanced plasticity, invasive, migrating and self-
renewal capacity. EMT is regulated by complex epigenetic regulatory programs, a cooperation of EMT-
associated TFs and a switch in EMT markers, accompanied by phenotypic alterations [2]. TNBC
aggressiveness, metastatic potential, recurrence, and poor prognosis are correlated to the presence of
breast cancer stem cells (BCSCs) within the tumor, while EMT seems to generate CSCs [3].

Simvastatin is a natural, fungal derived, FDA- and EMA- approved drug that belongs to the family of
statins, which is commonly prescribed for the treatment of hypercholesterolemia as a preventive measure
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against cardiovascular disease. Statins via the binding to the HMG-CoA reductase enzyme inhibits the
mevalonate pathway and in particular the conversion of HMG-CoA to mevalonate. The result is the sever
inhibition of de novo cholesterol biosynthesis that drastically lowers the levels of LDL in the blood. Apart
from cholesterol, the mevalonate pathway leads to the synthesis of other lipids. Such lipids are
geranylgeranyl and farnesyl pyrophosphate, which are necessary for protein prenylation. The inhibition of
protein prenylation by statins affects the function of proteins such as members of the membrane
anchoring small GTPases that are involved in signaling cascades of multiple membrane and growth
factor receptors, which in turns regulate the transcription of genes involved in crucial cellular functions
[4].

The pleiotropic effect of statins involves anti-neoplastic mechanisms in multiple cancer types, including
breast cancer and speci�cally TNBC. TNBC tissues displays elevated cholesterol biosynthesis pathways
[5, 6]. Moreover, mevalonate pathway contributes to the stabilization of the tumor promoting mutp53,
which is mutated at 80% of the TNBC tissues, outlining the role of statins as a mevalonate pathway
inhibitor [7].

The goal of this work is to elucidate the role of the different doses of the lipophilic simvastatin in the
aggressive characteristics of the TNBC cell line Hs578T by examining its effects on the cytoskeleton as
well as on the gene expression of several stemness- and EMT- related markers. Because statins are
known to cause epigenetic alterations [8], we also monitored the expression of microRNA molecules that
are known to be involved in the EMT process in breast cancer.

2. Materials And Methods
Cell culture and Reagents

Hs578T cells (ATCC® HTB-126TM) are TNBC cells (mutp53), belonging to the mesenchymal-stem like
TNBC subtype. Hs578T cells were cultured as suggested by ATCC. Simvastatin (S6196–5MG ≥ 97%) was
purchased from MilliporeSigma (USA). It was dissolved in DMSO before use.

Determination of half-maximal inhibitory concentration (IC 50 )

Hs578T cells were treated with simvastatin in doses between 0.1-4 µΜ and after 48h were counted using
a haemocytometer to determine the IC50 value, relatively to malignant cells treated only with the vehicle
(DMSO).

Fluorescence microscopy

Hs578T cells were treated with 0.5µM, 1µM and 2µM of simvastatin in serum-free conditions (SF) for
48h. Cells were then �xed with 4% PFA/PBS, permeabilized with 0.05% Triton X-100 in 0.01% Tween-
20/PBS and blocked with 5% BSA in 0.01% Tween-20/PBS. Coverslips were incubated with a �uorescein-
based dye used to label �lamentous actin (Phalloidin CruzFluor™ 594 Conjugate) for 1h, and later DAPI
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solution (EverBrite™ Hardset Mounting Medium with DAPI, Biotium) was applied to achieve staining and
mounting. Images were captured using a �uorescent phase contrast microscope (OLYMPUS CKX41) with
a color digital camera CMOS (SC30) at zoom 60x utilizing the Image Pro-Plus program (Media
Cybernetics, Inc., USA).

Wound healing assay

Wound healing assay was performed as previously described [9]. Hs578T cells were incubated in SF
conditions containing 0 µΜ, 0.5µM, 1µM and 2µM of simvastatin for 48 hrs, while images were captured
at 0h, 24h and 48h [OLYMPUS CKX41, camera CMOS (SC30)].

RNA isolation, cDNA synthesis & quantitative PCR analysis

Hs578T cells were incubated in SF conditions containing 0 µΜ, 0.5µM, 1µM and 2µM of simvastatin for
48 hrs. Total RNA isolation took place using the NucleoSpin miRNA kit (Macherey-Nagel), following the
manufacturer’s instructions. Purity and concentration of isolated RNA were determined by absorbance
measurements at 260nm/280nm. cDNA synthesis took place with Mir-XTM miRNA First Strand Synthesis
to target miRNAs levels and PrimeScript™ RT reagent kit (Perfect Real Time) to determine mRNA levels
(TakaraBio). Real-time PCR analysis was conducted using the kit KAPA SYBR® FAST qPCR Master Mix
(2X) Universal, with gene or miRNA speci�c primers, in a Rotor Gene Q instrument (QIAGEN). The
formulas 2−ΔΔCt (using ACTB as a normalizer) or 2−ΔCt were used to calculate fold change or expression
values, respectively.

Statistical analysis

Individual experiments were carried out at least two times for each assay. Diagrams were constructed
with data presented as mean ± SD, and statistically signi�cant differences were evaluated using unpaired
t-tests and indicated as follows: *(p ≤ 0.05), **(p ≤ 0.01), ***(p ≤ 0.001), ns (p ≥ 0.05). Analyses and
graphs were made using GraphPad Prism version 5.03 (GraphPad Software Inc., USA).

3. Results And Discussion
Effect of different simvastatin doses on cellular proliferation, migration and actin cytoskeleton

The IC50 value of simvastatin for the Hs578 cell line was determined at 2.092µM ± 0.0665 (Fig. 1). In
subsequent experiments, concentrations of simvastatin that corresponds to 85% (IC15), 70% (IC30) and
50% (IC50) of the cellular viability of Hs578T cells were used, which are respectively 0.5µM, 1µΜ and
2µΜ.

Interestingly, treatment of simvastatin exhibited a dose differential effect on the wound healing capacity
of Hs578T cells. In fact, simvastatin at IC15 and IC30 seems to promote cell migration by almost 20%, but
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at a higher level of cytotoxicity (IC50, 2µM) wound healing was decreased to about 70% of the control
(Fig. 1).

Moreover, simvastatin at IC30 and IC50, but not at IC15, promoted actin cytoskeleton rearrangement on
Hs578T cells (Fig. 2). Untreated and treated with simvastatin at IC15 Hs578T cells appeared with
characteristic stellate shape and elongated bodies, exhibiting many protrusions (Fig. 2A-2B). Interestingly,
simvastatin at IC30 (Fig. 2C) and IC50 (Fig. 2D) promoted actin cytoskeleton rearrangement on Hs578T
cells, where cells appeared with a more rounded shape and signi�cantly reduced protrusions, perhaps
pointing to a decrease in the number of stress �bers.

Differential effect of simvastatin doses on EMT- and stemness- related molecules

Due to the differential effect of simvastatin on cellular migration and actin cytoskeleton organization on
Hs578T cells, EMT related markers were analyzed at IC15, IC30 and IC50 values of simvastatin. Hs578T
cells treated with simvastatin at IC15 exhibited an EMT promoting gene signature characterized by
elevated mRNA levels of the stemness markers, KLF4 and CD44 (Fig. 3), as well as of the majority of the
investigating EMT markers including SNAI1, SNAI2, ZEB1 and VIM (Fig. 3). The elevation ranged from
20% (CD44) up to more than 100% (SNAl2). On the contrary, simvastatin at IC50 diminished the cellular
migration of Hs578T cells, which is accompanied by actin cytoskeleton reorganization and reduced
mRNA levels of KLF4 and TWIST to about 80% of the control (Fig. 3), indicating a less aggressive
phenotype.

Statins can modulate epigenetics alterations, such as methylation, acetylation and the expression of
noncoding RNAs [10], such as miRNAs [8]. Using bioinformatics tools and literature searching, four
miRNAs speci�cally important for TNBC and presenting validated EMT-related targets with a distinct role
in breast cancer were chosen. Our results show that simvastatin reduces the expression of the
investigated miRNAs in a manner independently of the used dose and the function of the miRNA.
Speci�cally, simvastatin at all used doses corresponding to IC15, IC30 and IC50 decreased by 30–40% the
expression of the oncomiR miR-155 and the tumor suppressor miR-34a, miR-200b and miR-340 (Fig. 3).

Our data indicate that simvastatin at IC15 induces cellular migration on Hs578T TNBC cells without
structural alterations on actin cytoskeleton, stimulating an EMT-related and stemness gene signature.
Simvastatin at IC50 attenuated the migration of Hs578T cells followed by actin reorganization and
reduction of some EMT and stemness markers. Interestingly, Hs578T treated with simvastatin at IC30

exhibited a mixed effect of the alterations observed at IC15 and IC50.

Simvastatin has been shown to inhibit the geranylgeranylation of RhoA which is important to preserve
the undifferentiated status of cells, thus simvastatin can stimulate differentiation of BCSCs. Moreover,
blocking of RhoA can inhibit ROCK2 activity. ROCK2 can modulate actin cytoskeleton reorganization and
regulate mechanosensory stimulus that are involved to transcriptional regulation of genes related to
proliferation and differentiation status [11]. Additionally, RhoA can in�uence Cdc42 and Rac proteins
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modulating stress �bers and cellular protrusions, while simvastatin can also inhibit the prenylation of
Rac1 and Cdc42 [12]. Overall, simvastatin seems to regulate crucial mechanical pathways related to the
aggressive characteristics of tumor cells, in�uencing the transcription of EMT- and stemness-associated
genes [11]. To continue, simvastatin effect on apoptosis is mainly and markedly observed in doses near
and above the IC50 value on MDA-MB-231 TNBC cells [13]. Recent studies, using different concentrations
of statins exhibits that higher concentrations of 90% of EC50 had a major and more clear effect on
attenuating cellular migration and colony formation of ERα + MCF-7 and TNBC MDA-MB-231 cells,
compared to lower statins concentrations of 10% of EC50 which couldn’t affect those cellular functions in
2D cultures. Moreover, statins concentrations of 90% of EC50 a small effect on inhibiting the size of 3D
spheroids of MDA-MB-231 mixed with �broblasts, while increased the size of MCF-7/�broblasts
spheroids. These data suggests that different concentrations of statins can orchestrate different
mechanisms of action which are also depending on the tumor microenvironment (TME) [14], as well as
the treatment duration [15].

Our data indicate that simvastatin at all used concentrations attenuated the examined miRNAs
independently of their role in BC progression. Nevertheless, simvastatin at concentrations below IC50

induced the expression of miR-140-5p in a dose-dependent manner via a mechanism that involves
induction of oxidative stress and the TF NRF1, which binds to the promoter of the pre-miR-140, leading to
cell death [16]. To note, miRNAs can also regulate the actin-myosin cytoskeleton dynamics [17], indicating
that statins, which are crucial regulators of actin cytoskeleton may exert their pleiotropic effects via
multiple not-yet elucidated mechanisms.

Conclusions
From a clinical view, plenty of factors including vasculature, hypoxia, drug e�ux transports as well as
TME and extracellular matrix composition may regulate drug penetration to the tumor, followed by
varieties in binding on cellular or molecular target and thus at the pharmacological effect [18]. Our data
indicate that simvastatin doses differentially affect the aggressive characteristics of Hs578T TNBC cells.
Speci�cally, simvastatin at IC50 attenuates cellular migration and expression of EMT- and stemness-
associated genes, an effect that is in line with previous reported anti-tumor effects of simvastatin [13, 19].
Similar results have also been obtained in a study very recently published [20]. This study suggested that
statins can be used for clinical trials in patients with TNBC, in combination with either doxorubicin or
docetaxel and include p53 mutational status as a potential predictive biomarker. On the contrary,
simvastatin at IC15 exerts a tumor-promoting role on Hs578T cells via enhancement of the
aforementioned features. Those results may indicate the need for a more careful consideration of the
mode of action of statins concerning the dose and the drug accessibility at the tumor tissue and at the
cellular level.
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Figure 1

Simvastatin effects on proliferation and migration of Hs578T cells. (A) Dose-dependent antiproliferative
effects of simvastatin on Hs578T cells. IC50=2.092 mΜ (B, C,  D) Simvastatin doses (IC15, IC30, IC50)
differentially affects migration of Hs578T cells at 24h/48h. Statistically signi�cant differences are
displayed by asterisks. 
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Figure 2

Simvastatin affects the actin cytoskeleton of Hs578T cells on doses above IC30. Arrows indicate cells
with a more rounded shape and signi�cantly reduced protrusions (scale bar= 30 mm).
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Figure 3

Simvastatin affects EMT-related features of Hs578T cells. Simvastatin differentially affects the
expression of EMT and stemness markers (A, B) and downregulates the expression of miRNAs (C) on
Hs578T cells. Statistically signi�cant differences are displayed by asterisks.
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