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Abstract
Statins show antiproliferative activity in various cancer cells.

The aim of this study was to evaluate the effects of rosuvastatin

treatment on papillary thyroid carcinoma. The papillary

thyroid carcinoma (B-CPAP) and normal (Nthy-ori 3-1)

thyroid cell lines were treated with rosuvastatin at 12.5, 18.5,

25, 50, 100, and 200 mM concentrations. After 48 and 72 h of

rosuvastatin treatment, 3-(4,5-dimethylthiazol-2-yl)-2,

5-diphenyl tetrazolium bromide, Ki-67 immunolabeling,

FACS analysis, electron microscopy, caspase-3, and terminal

deoxynucleotidyl transferase-mediated dUTP nick end-

labeling (TUNEL) analysis were performed. Decreased cell

viability and G1 phase arrest were detected in papillary thyroid

cell line treated with rosuvastatin. Positive immunoreactivityof

Ki-67 and dose-dependent increase in S phase on Nthy-ori 3-1

cells were also detected. B-CPAP cells showed intense

vacuolisation and autophagosomes with low concentrations
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and 48 h incubations, while Nthy-ori 3-1 cells showed these

changes at higher concentrations. A decrease in the percentage

of cells showing autophagy was determined with increasing

concentrations of rosuvastatin in B-CPAP cells. Rosuvastatin

treatment also caused a dose- and time-dependent increase

in caspase-3 activity and apoptotic index by TUNEL assay in

B-CPAP cells compared with the Nthy-ori 3-1 cells.

Apoptotic cells with nuclear condensation and fragmentation

were observed in B-CPAP cell line. Rosuvastatin induced

autophagic changes in B-CPAP papillary thyroid cancer cells

in lower doses and caused a shift from autophagy to apoptosis.

Rosuvastatin may be an alternative treatment for refractory

papillary thyroid cancer. Further in vivo studies are necessary

to clarify the effects of rosuvastatin in papillary thyroid carci-

noma and the clinical implications of rosuvastatin treatment.
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Introduction

Statins are the competitive inhibitors of 3-hydroxy-3-

methylglutaryl CoA (HMG-CoA) reductase and are routinely

used for the treatment of hypercholesterolemia. The enzyme

HMG-CoA reductase catalyses the conversion of HMG-CoA

to mevalonate (Goldstein & Brown 1990). Inhibition of

mevalonate by statins leads to a decrease in both cholesterol and

important intermediate metabolites, such as the isoprenoids,

farnesyl pyrophosphate, and geranylgeranyl pyrophosphate,

which are involved in the post-translational prenylation of

several proteins (i.e. Ras, Rho, and Rac) that modulate a

variety of cellular processes, including cellular signaling,

differentiation, proliferation, and apoptosis (Alegret & Silvestre

2006, Katsiki et al. 2009).

HMG-CoA reductase inhibition displays immunomodula-

tory, anti-inflammatory and anti-oxidant activity, which is

unrelated to the effects on lipid metabolism (Bifulco 2008).

A number of studies demonstrated antineoplastic effects
of statins (Campbell et al. 2006, Sivaprasad et al. 2006, Lin

et al. 2008). The antiproliferative effects of statins were

demonstrated in in vitro studies on hepatocellular carcinoma

(Kawata et al. 1994), lung (Hawk et al. 1996), breast (Campbell

et al. 2006), and pancreatic cancer cells (Gbelcová et al. 2008).

These effects appear to be generated either via effects on cell

cycle and induction of growth suppression or via induction of

apoptosis of malignant cells (Sassano & Platanias 2008).

There are limited studies on the antiproliferative effect of

statins on thyroid cells, which were performed on prolifera-

ting rat thyroid cells or anaplastic thyroid cancer cells. Bifulco

et al. (1999) showed the antiproliferative and/or proapoptotic

activity of lovastatin in proliferating rat thyroid cells. Zhong

et al. (2003) demonstrated the effectiveness of lovastatin in

the treatment of anaplastic thyroid cancer in in vitro studies.

To our knowledge, there is no study on the effect of statin

treatment on differentiated thyroid cancer cells. Moreover,

the effect of statin treatment on thyroid growth is of clinical

interest. Recently, Cappelli et al. (2008) reported decreased
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incidence of nodules in patients on statin therapy. In this

study, the effect of rosuvastatin on papillary thyroid carcinoma

cell line (B-CPAP) was investigated.
Materials and Methods

Cell line and cell culture

The human papillary thyroid cancer cell line B-CPAP was

purchased from Deutsche Sammlung von Mikroorganismen

und Zellkulturen (DSMZ, Braunschweig, Germany). The

normal thyroid follicular epithelial cell line Nthy-ori 3-1 was

obtained from European Collection of Cell Cultures

(ECACC, Wiltshire, UK). Both cell lines were cultured in

RPMI 1640 (Sigma Chemical Co.) supplemented with 10%

heat-inactivated FCS, 2 mM L-glutamine and 1% penicillin/-

streptomycin under standard cell culture conditions (37 8C,

100% humidity and 5% CO2). Both cell lines were treated

with rosuvastatin (Lot no. 294201308, Abdi Ibrahim Ilac,

Istanbul, Turkey) at 12.5, 18.5, 25, 50, 100, and 200 mM

concentrations for 48 and 72 h.
Determination of cell viability

The cytotoxic effects and cell viability of rosuvastatin were

determined by MTT assay. This method is based on the

reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tet-

razolium bromide to formazan. Viable cells convert yellow-

colored MTT to violet-colored formazan crystals using the

mitochondrial succinate dehydrogenase, which is a part of the

respiratory chain. Therefore, cell viability can be determined

by measuring the optical density of the formazan product

with regard to cellular respiration and metabolic rate. The

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium

bromide dye solution (MTT; Applichem, Darmstadt,

Germany) was prepared as 5 mg/ml in PBS at 37 8C. Nthy-

ori 3-1 and B-CPAP thyroid cell lines were plated 10!103

cells/well in 96-well plates in 100 ml of culture medium.

When the cultures were at sub-confluence the medium was

removed. The cell monolayers were washed with PBS and

exposed to 100 ml of culture medium (untreated) and to

different concentrations of rosuvastatin (12.5, 25, 50, 100, and

200 mM) for 48 and 72 h. At the end of the treatment, 25 ml

of MTT dye was added to each well and incubated for 4 h at

37 8C. After incubation, the formazan product was solubilised

in 23% SDS in a solution of 45% N, N-dimethylformamide

and the plate was placed on a shaker for 2 min. The amount

of formazan crystals reflecting cellular growth and viability

was determined quantitatively by absorbance measurements

at 570 nm using a microplate reader (Spectramax Plus,

Moleculer Devices, Sunnyvale, CA, USA). Three replicates

were performed in each test. Reported values are the mean of

two measurements and are expressed as percent viability with

respect to untreated control.
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Analysis of Ki-67 immunoreactivity

The immunoreactivity of Ki-67 was determined by using an

indirect immunoperoxidase method. B-CPAP and Nthy-ori

3-1 thyroid cells were grown on coverslips for immunohisto-

chemical evaluation and incubated with rosuvastatin for 48 and

72 h. Cells on coverslips were fixed with 2% buffered

paraformaldehyde solution for 5 min and washed with PBS.

After treating with 2.5% BSA for 1 h, the cells were incubated

with anti-mouse Ki-67 primary antibody (Invitrogen, Cat

no.: 08-1156) at a final dilution of 1:200 for 1 h at room

temperature in a humidified chamber. After removal of

primary antibodies, the coverslips were washed three times

with PBS and incubated with a 1:200 dilution of goat-anti

mouse IgG (Cat no. 31160, Pierce Inc., Rockford, IL, USA)

in PBS containing 0.2% BSA (Sigma, Cat no.: A-7034) and 1%

normal human serum for half an hour at room temperature.

The coverslips were washed with PBS and incubated with

diaminobenzidine (Cat no. K3468, Dako, Glostrup, Denmark)

for 5 min and counterstained with hematoxylin. The control

staining was performed by omitting the primary antibody step.

The samples were then examined and photographed by

using a light microscope (Leica DM6000B, Wetzlar,

Germany) with a DC490 digital camera (Leica). The Ki-67

immunopositive cells were counted on four randomly

selected areas under a light microscope (20! magnification)

by two investigators blinded to the experiments. The mean

value of the scores provided by the two investigators was used

for graphical and statistical calculations.
Analysis of cell cycle phase

Changes in cell cycle distribution were analysed with the flow

cytometry method. B-CPAP and Nthy-ori 3-1 cells were

incubated in the absence (control cells) or presence of

rosuvastatin for 48 and 72 h. Both adherent and floating cells

were collected and fixed in cold 80% ethanol at C4 8C

overnight. Cells were then centrifuged, washed with 1 ml

PBS and resuspended in 2 ml PBS. To a 2 ml cell suspension,

30 units of DNase-free RNase were added and then 100 ml

propidium iodide (PI; 50 mg/ml) were added. After a gentle

mixing, the resuspended cells were incubated under dark

conditions at 37 8C for 1 h and covered until used. The PI

fluorescence of the cells were analysed by flow cytometry

(EPICS XLMCL, Beckman Coulter Inc., Brea, CA, USA).

MultiCycle software from Phoenix Flow Systems (San Diego,

CA, USA) was used to deconvolute the cellular DNA content

histograms to obtain quantisation of the percentage of cells in

the respective phases (G1, S, and G2/M) of the cell cycle.
Electron microscopic analysis

B-CPAP and Nthy-ori 3-1 thyroid cells were grown in flasks

for ultrastructural examination and incubated with 12.5,

18.5, 25, 50, 100, and 200 mM concentrations of rosuvastatin

for 48 and 72 h. Both adherent and floating cells were
www.endocrinology-journals.org
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collected and electron microscopic analysis was performed.

Briefly, cells were fixed in 2.5% glutaraldehyde solution in

phosphate buffer, pH 7.4, for 4 h and post-fixed for 1 h in 1%

osmium tetroxide in 0.1 M phosphate buffer. After washing

in phosphate buffer, they were dehydrated in a graded series

of ethanol to absolute ethanol, treated with propylene oxide

and embedded in Araldite/Epon812 (Cat no.: 13940, EMS,

Hatfield, PA, USA). After heat polymerisation, sections were

cut using a microtome. Semi-thin sections were stained

with methylene blue-azure II and examined using a light

microscope (Leica) with a DC490 digital camera (Leica).

Ultrathin sections (Leica ultracut R) were double-stained

with uranyl acetate and lead citrate (Leica EM AC20). These

sections were examined in JEOL-JEM 1400 electron

microscope and photographed by CCD camera (Gatan Inc.,

Pleasanton, CA, USA). Cells were classified into the following

types: 1) cells without significant morphological change 2)

apoptotic cells with condensed, fragmented dark nuclei,

apoptotic bodies 3) autophagic cells containing five or more

vacuoles and/or multiple autophagic structures. The auto-

phagic and apoptotic cells were counted in randomly chosen

fields and data were given as percentages of total cells present.
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Figure 1 The effect of rosuvastatin on cell viability of normal (Nthy-
ori 3-1) and papillary (B-CPAP) cell lines for, (A) 48 h and (B) 72 h.
Cell viability was assessed by MTT assay. Both thyroid cell lines
were treated with various concentrations of rosuvastatin for 48 and
72 h. Rosuvastatin caused a concentration- and time-dependent
decrease in the cell viability of both Nthy-ori 3-1 and B-CPAP
thyroid cell lines. (A) Nthy-ori 3-1 thyroid cells treated with 12.5,
25, 50, and 100 mM, concentrations of rosuvastatin for 48 h show a
statistically significant difference compared with B-CPAP thyroid
Terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling assay

Apoptosis was determined by enzymatic labeling of DNA

strand breaks using terminal deoxynucleotidyl transferase-

mediated dUTP nick end-labeling (TUNEL) method with

Cell Death Detection kit (Roche) according to manufacturers’

instructions. Briefly, thyroid cells grown on sterile Lab-Tec

chamber slides were incubated with increasing concentrations

of rosuvastatin for 48 and 72 h. After fixation with 4%

paraformaldehyde for 30 min, the slides were incubated with

the permeabilisation solution (0.1% Triton X-100 in 0.1%

sodium citrate) for 8 min at 4 8C. After washing twice with PBS

for 5 min, the labeling reaction was performed using terminal

deoxynucleotidyl transferase end-labeling cocktail for each

sample, except for negative control, in which reagent without

enzyme was added and incubated for 1 h at 37 8C. For signal

conversion, slides were incubated with 50 ml of converter-POD

(according to the manufacturer’s instructions) for light

microscopic analysis for 30 min at 37 8C, rinsed with PBS,

and then incubated with 50 ml of Fast Red substrate solution for

10 min at 25 8C. The samples were examined and counted for

TUNEL-positive cells independently by two of the authors,

who had no information about the samples. TUNEL-positive

cells and total cell numbers were counted in randomly chosen

ten to fifteen fields per case and apoptotic index (AI) was

calculated (AIZapoptotic cells/total cells!100).
cells treated with the same dose and time interval. (B) Nthy-ori 3-1
thyroid cells treated with all concentrations of rosuvastatin for 72 h
show a statistically significant difference compared with B-CPAP
thyroid cells treated with the same dose and time interval. Data are
expressed as percentage of cell viability with respect to control.
Each column represents the meanGS.E.M. of three replicates of two
separate experiments (*P!0.001, **P!0.05).
Caspase-3 activity and protein determination

Both adherent and floating cells were collected and used for

caspase-3 activity. Cells were washed in PBS and lysed with

50 mM Tris (pH 7.4), 1 mM EDTA, 0.1% Triton X-100,
www.endocrinology-journals.org
10% glycerol, 0.5% sodium deoxycholate, and 0.08% SDS

containing 10 mg/ml Protease inhibitor cocktail. The cell

lysates were centrifuged at C4 8C 12 000 g for 20 min. The

clear supernatants were used for caspase-3 activity and protein

determination. All assays were done in triplicate. Caspase-3

activity was determined using the Enzolyte Homogeneous

AMC Caspase-3 Kit from Anaspec, Fremont, CA, USA.

Briefly, 150 ml of cell lysate was added to wells of a 96-well

plate already containing 100 mM HEPES, pH 7.4 and 2 mM

dithiothreitol. The reaction was started with the addition of a

final concentration of 12.5 mM fluorogenic caspase-3
Journal of Endocrinology (2011) 210, 105–115
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substrate Ac-DEVD-4-methyl-coumaryl-7-amide (AMC).

To confirm that enzyme activity was related to caspase-3,

parallel samples were incubated for 25 min with the

competitive inhibitor z-DEVD-FMK (final 40 mM)

before addition of the substrate. Activity was measured as

fluorescence (excitation 354-emission 442 nm) after 1 h using

a SpectraMax M2 spectrophotometric plate reader and

SOFTmax Pro 3.1.1 software (Molecular Devices, San

Diego, CA, USA). Caspase-3 activity was calculated from

the slope as fluorescence units per milligram of protein per

minute of reaction time as a difference between substrate

utilisation velocity in the samples with and without caspase-3

inhibitor, and converted to picomoles of substrate cleaved per

milligram of protein per hour based on a standard curve for

AMC. Protein concentration in the supernatant was

determined by the BCA assay. Enzyme activity is expressed

as meanGS.D.

Statistical analysis

The Student’s two-tailed t-test was used to determine the

statistical significance of detected differences, and a value of

P!0.05 was considered statistically significant.
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Figure 2 The immune reactivity of Ki-67 on Nthy-ori 3-1 and B-CPAP
and H) and 200 mM (I, J, K, and L) rosuvastatin after 48 and 72 h. Arr
immunoperoxidase, hematoxylin !400). Full colour version of this fi
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Results

Rosuvastatin decreases proliferation and induces cell death in
thyroid cells in a dose- and time-dependent manner

Rosuvastatin caused a concentration- and time-dependent

cell injury in both Nthy-ori 3-1 and B-CPAP thyroid cell

lines (Fig. 1). Rosuvastatin treatment at 12.5, 25, 50, 100,

and 200 mM concentrations resulted in decreased cell viability

of B-CPAP cells after 48 and 72 h (66 to 15% and 22 to

1% respectively). IC50 values for B-CPAP cells for 48 and

72 h were 12.9 and 4.6 mM respectively. Rosuvastatin

treatment at the same concentrations resulted in loss of cell

viability of Nthy-ori 3-1 cells after 48 and 72 h (92 to 16%

and 74 to 4%; Fig. 1A and B). IC50 values for Nthy-ori 3-1

cells for 48 and 72 h were 81.4 and 43.9 mM respectively.

There was a statistically significant difference in the cell

viability between Nthy-ori 3-1 cells and B-CPAP cells treated

with 12.5, 25, 50, and 100 mM of rosuvastatin at 48 h

(P!0.001, P!0.001, P!0.001, and P!0.001 respectively;

Fig. 1A) and 12.5, 25, 50, 100, and 200 mM of rosuvastatin

at 72 h (P!0.001, P!0.001, P!0.001, P!0.001, and

PZ0.033 respectively; Fig. 1B).
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48 h 72h

m 50µm 50µm

50µm 50µm

50µm50µm
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thyroid cells treated with 25 mM (A, B, C, and D), 50 mM (E, F, G,
ows indicate Ki-67 positive cells with brown nucleus (indirect
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B-CPAP thyroid cells treated with 25, 50, 100, and 200 mM
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was decreased with increasing concentrations of rosuvastatin
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Both Nthy-ori 3-1 and B-CPAP thyroid cell lines grown

on coverslips showed a spindle shape and an epitheloid

morphology in light microscopy. Ki-67 immune-reactive

cells in both untreated Nthy-ori 3-1 and B-CPAP thyroid cell

lines were observed. There was no statistically significant

difference in the immunoreactivity of Ki-67 between

untreated Nthy-ori 3-1 and B-CPAP thyroid cell lines for

48 and 72 h (PO0.1 and PO0.1 respectively). Rosuvastatin

treatment at 25, 50, 100, and 200 mM concentrations resulted

in variable degrees of cell detachment, ranging from

elongated to epitheloid cells and floating cells. The

immunoreactivity of Ki-67 was observed to be moderate to

weak in the nucleus of Nthy-ori 3-1 cells with increasing

concentrations of rosuvastatin treatment at 48 and 72 h. The

immunoreactivity of Ki-67 was detected on Nthy-ori 3-1

cells treated with 25 and 50 mM rosuvastatin after 48 and 72 h

in contrast to B-CPAP cells treated with the same dose and

the same intervals (Fig. 2A–H). There was a statistically

significant difference in the immunoreactivity of Ki-67

between Nthy-ori 3-1 cells and B-CPAP cells treated with

25, 50, 100, and 200 mM of rosuvastatin at 48 h (PZ0.017,

P!0.001, PZ0.022, and PZ0.005 respectively; Fig. 3A).

Ki-67 showed a weak immunoreactivity on Nthy-ori 3-1 cells

treated with 200 mM rosuvastatin for 48 and 72 h, while

B-CPAP cells showed a weak to negative immunoreactivity

of Ki-67 with all concentrations of rosuvastatin at both time

intervals except for 25 mM concentration at 48 h treatment

(Fig. 2A–L). A statistically significant difference was detected

in the immunoreactivity of Ki-67 between Nthy-ori 3-1 cells

and B-CPAP cells treated with 25, 50, 100, and 200 mM of

rosuvastatin at 72 h (P!0.001, PZ0.045, P!0.001, and

PZ0.001 respectively; Fig. 3B).

treatment after (A) 48 h and (B) 72 h. A significantly higher number
of Ki-67 positive Nthy-ori 3-1 thyroid cells were detected with
all concentrations of rosuvastatin for 48 and 72 h compared with
B-CPAP thyroid cells treated with the same concentration and
time interval (*P!0.001, **P!0.05).
Rosuvastatin induces G1 phase arrest

Flow cytometry analysis was performed to examine the effects of

rosuvastatin on cell cycle. Treatment with increasing con-

centrations of rosuvastatin in Nthy-ori 3-1 cells led to a dose-

dependent increase in S phase (P!0.001, nZ2). However,

the same treatment caused G1 phase arrest in B-CPAP cells

(Table 1), with a subG1 cell peak (Fig. 4). According to the cell

cycle analysis, S phase was found to be significantly decreased

(P!0.001, nZ2) in B-CPAP cells (Table 1).
Morphologic changes

In the light microscopic examination of semithin sections, the

nuclei of round cells with prominent nucleolus were observed

in both untreated Nthy-ori 3-1 and B-CPAP cell lines. Some

of the untreated B-CPAP cells showed vacuoles in their

cytoplasm. A gradual decrease in the number of cells in both

groups was detected with increasing concentrations and time

intervals of rosuvastatin treatment (Fig. 5). The number of

B-CPAP cells was decreased substantially compared with

Nthy-ori 3-1 cells treated with the same dose and at the same

interval. The number of vacuoles was increased in the
www.endocrinology-journals.org
cytoplasm of B-CPAP cells with increasing concentrations

of rosuvastatin and time. Apoptotic cells with condensed nuclei

were observed in B-CPAP cells treated with 12.5, 25, 50, 100,

and 200 mM concentrations of rosuvastatin (Fig. 5K–T). After

both 48 and 72 h treatment periods, cells showing normal

morphology were not observed in B-CPAP cells at 200 mM

concentrations of rosuvastatin treatment (Fig. 5O and T).

In the electron microscopic examination, euchromatic

nucleus, prominent nucleolus, and abundant rough-surfaced

endoplasmic reticulum, vesicles, and secondary lysosomes in the

cytoplasm of both untreated Nthy-ori 3-1 and B-CPAP cells

were observed. In untreated B-CPAP cells, the nucleus was

enlarged and indented. The ratio of nucleus to cytoplasm was

increased. Besides, B-CPAP cells contained more mitochondria

around the nucleus compared with that of Nthy-ori 3-1 cells.

Nthy-ori 3-1 cells treated with 12.5 and 25 mM rosuvastatin

for 48 h showed no significant ultrastructural alterations

compared with untreated Nthy-ori 3-1 cells. B-CPAP cells

treated with 12.5 and 25 mM rosuvastatin for 48 h showed an
Journal of Endocrinology (2011) 210, 105–115
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increase in the number of cytoplasmic vacuoles and lipid

droplets. Apoptotic cells with condensed nucleus were

observed among these cells with 25 mM rosuvastatin concen-

tration (Fig. 6A–D). At 50 mM concentration of rosuvastatin

treatment after 48 h, Nthy-ori 3-1 cells showed some

vacuolisation in their cytoplasm and enlarged rough endo-

plasmic reticulum cisterna was seen filled with a moderate

electron-dense material (Fig. 6E). At the same concentration

and same time intervals, B-CPAP cells were almost completely

filled with vacuoles, which tended to fuse with each other to

form larger vacuoles. Most of the B-CPAP cells completely

lost their cell membrane and the cytoplasmic content was

extremely degenerated. The widening of perinuclear cisterna

and phagocytic vacuoles filled with membranous residues was

evident and some cells showing apoptosis with condensed

nucleus were also encountered (Fig. 6F). The cytoplasm was

filled with enlarged pleomorphic vacuoles, but the nucleus and

nucleolus was intact and the integrity of the cells was not

disturbed in most of the Nthy-ori 3-1 cells treated with

100 mM rosuvastatin for 48 h (Fig. 6G). B-CPAP cells at the

same concentration and time interval showed condensation of

the nuclear material and formation of the apoptotic bodies

(Fig. 6H). At 200 mM, rosuvastatin treatment after 48 h,

Nthy-ori 3-1 cells showed intense vacuolisation and the

vacuoles were seen either filled with moderate electron-dense

material or membranous residues (Fig. 6I). In B-CPAP cells,

disintegration of the cells showing the whole morphology of

the apoptotic changes was evident (Fig. 6J).

Both Nthy-ori 3-1 and B-CPAP cells treated with 12.5 and

25 mM rosuvastatin for 72 h showed some small vesicles

(Fig. 7A–D). An increase in the number of lipid droplets and

vesicles were examined in Nthy-ori 3-1 cells treated with

50 and 100 mM concentration of rosuvastatin for 72 h. Most of

the B-CPAP cells were degenerated with the same concen-

tration and same time interval (Fig. 7E–H). In 200 mM

concentration of rosuvastatin for 72 h, Nthy-ori 3-1 cells

showed an increased number of lipid droplets and vesicles in

their cytoplasm, but still the cells were not disintegrated – the

nucleus and cytoplasm of the cells were intact (Fig. 7I). Cell

death was prominent in B-CPAP cells treated with 100 and

200 mM rosuvastatin for 72 h (Fig. 7H and J).

The percentage of Nthy-ori 3-1 and B-CPAP cells showing

autophagic and apoptotic morphology with different concen-

trations of rosuvastatin treatment was given in Table 2. The

percentage of B-CPAP cells showing autophagy was 44% with

18.5 mM rosuvastatin at 48 h. A decrease in the percentage of

cells showing autophagy was determined with increasing

concentrations of rosuvastatin in B-CPAP cells. Rosuvastatin

treatment at 12.5, 25, 50, 100, and 200 mM concentrations

increased the percentage of B-CPAP cells showing apoptotic

morphology after 48 and 72 h (28–98% and 6–66%

respectively). Rosuvastatin treatment with higher concen-

trations caused an increase in the percentage of Nthy-ori 3-1

cells with fragmented dark nuclei and/or apoptotic bodies after

72 h. There was a statistically significant difference in the

percentage of cells showing apoptosis between Nthy-ori 3-1
www.endocrinology-journals.org
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Figure 4 Representative flow cytometry cell cycle histogram.
Cell cycle analysis by flow cytometry G1, S, and G2/M phase in
Nthy-ori 3-1 thyroid cells treated with 100 mM rosuvastatin for 48 h
(A). Cell cycle analysis by flow cytometry G1, S, G2/M phase and
SubG1 peak (apoptotic peak) in B-CPAP cells treated with 50 mM
rosuvastatin for 48 h (B). Apoptosis was examined by sub G1 in
B-CPAP cells treated with rosuvastatin. MultiCycle software
(Phoenix Flow Systems, San Diego, CA, USA) was used to
determine the percentage of cells in the cell cycle phases.
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cells and B-CPAP cells treated with 12.5, 25, 50, and 100 mM

of rosuvastatin at 48 h (P!0.05, P!0.001, P!0.05, and

P!0.05 respectively) and 18.5, 25, and 50 mM of rosuvastatin

at 72 h (P!0.05, P!0.001, and P!0.001 respectively).
www.endocrinology-journals.org
Rosuvastatin induces apoptosis in B-CPAP cells

As a further indication of apoptosis, caspase-3 activity and

TUNEL analysis were monitored in both Nthy-ori 3-1

and B-CPAP cells. Rosuvastatin treatment caused a dose- and

time-dependent increase in caspase-3 activity in both

Nthy-ori 3-1 and B-CPAP cells. The effects of rosuvastatin

on caspase-3 activity were significantly higher in B-CPAP

cells as opposed to Nthy-ori 3-1 cells at 48 h (PZ0.002). This

increase was even more significant at 72 h on B-CPAP cell

line (PZ0.001). In good comparison with IC50 values,

B-CPAP cells were found to be more susceptible to caspase-3

activation at lower rosuvastatin concentrations (Fig. 8).

The TUNEL assay also confirmed caspase-3 activity in both

Nthy-ori 3-1 and B-CPAP cells. The AI was found to be 3

and 4% in untreated Nthy-ori 3-1 and B-CPAP thyroid cells

respectively. The number of apoptotic cells was increased with

rosuvastatin treatment in both Nthy-ori 3-1 and B-CPAP cells.

Rosuvastatin treatment at 12.5 mM concentration resulted in

an increased AI of Nthy-ori 3-1 and B-CPAP cells after 48 h

(6 and 20% respectively). There was a statistically significant

difference in the AI between Nthy-ori 3-1 cells and B-CPAP

cells treated with all concentrations of rosuvastatin at 48 h

(P!0.001; Fig. 9A) and 12.5, 18.5, 25, 50, 100, and 200 mM

of rosuvastatin at 72 h (P!0.001, P!0.001, P!0.05,

P!0.05, P!0.05, and P!0.05 respectively; Fig. 9B).
Discussion

Cholesterol, an essential component of cellular membrane, is

required for cell proliferation. Statins not only inhibit

cholesterol synthesis but also prevent isoprenoid formation

and decrease the membrane translocation and activation of

the small GTPases and their downstream effectors by

inhibiting mevalonate synthesis via blocking HMG-CoA

reductase (Alegret & Silvestre 2006, Katsiki et al. 2009). The

effect of statins on cancer cells has been a subject of numerous

studies (Zhong et al. 2003, Campbell et al. 2006, Gbelcová

et al. 2008). Statins show antineoplastic activity by inhibiting

proliferation and activating apoptosis or autophagy in various

cancer cell lines (Bifulco et al. 1999, Sassano & Platanias 2008,

Parikh et al. 2010). The effect of rosuvastatin treatment on

papillary thyroid cells was investigated and was found that cell

death occurred in 34% of B-CPAP cells with 12.5 mM

rosuvastatin treatment, whereas this ratio was 8% for Nthy-ori

3-1 cells at 48 h. Higher doses resulted in an increased loss of

cell viability in both cell lines. The immunohistochemical

labeling of Ki-67, conducted in parallel with the detection of

cell cytotoxicity, revealed that a low concentration (R25 mM)

of rosuvastatin diminished cell vitality and proliferation

in B-CPAP cell line. However, positive immunoreactivity

of Ki-67 in Nthy-ori 3-1 cells treated with even higher

concentrations of rosuvastatin, indicating preserved cell

proliferation, were observed. Also, in these cells, a dose-

dependent increase in S phase by FACS analysis was found.
Journal of Endocrinology (2011) 210, 105–115
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Figure 5 Nthy-ori 3-1 (A–J) and B-CPAP (K–T) thyroid cell lines
treated with rosuvastatin for 48 and 72 h. A decrease in the number
of cells with normal morphology is seen in both groups with
increasing concentrations and time intervals of rosuvastatin
treatment (Metilen blue-AzurII !630). Full colour version of this
figure available via http://dx.doi.org/10.1530/JOE-10-0411.
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Figure 6 Nthy-ori 3-1 and B-CPAP thyroid cells treated with
rosuvastatin for 48 h. Nthy-ori 3-1 thyroid cells treated with (A)
12.5 mM, (C) 25 mM (E) 50 mM (G) 100 mM (I) 200 mM rosuvastatin.
B-CPAP cells treated with (B) 12.5 mM (D) 25 mM (F) 50 mM (H)
100 mM (J) 200 mM rosuvastatin. Increasing numbers of vesicles are
seen in the cytoplasm of both thyroid cell lines treated with
rosuvastatin. Intense vacuolisation and vesicles containing cyto-
plasmic material and/or membrane residues (arrow) are seen with
increasing concentrations of rosuvastatin in Nthy-ori 3-1 thyroid
cells. Enlarged rough endoplasmic reticulum cisterna (asterisks) is
seen in 50 mM rosuvastatin-treated Nthy-ori 3-1 thyroid cells. The
apoptotic cells with condensed nuclei are detected in rosuvastatin-
treated B-CPAP thyroid cells (Uranyl acetate-lead citrate, A:
!5000; B, C, D, F, G inset, H: !8000; E, I, F inset: !12 000;
H inset, J: 15 000; J inset: !6000).
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Our findings demonstrated that rosuvastatin treatment

resulted in more prominent loss of cell proliferation in

B-CPAP cells than Nthy-ori 3-1 thyroid cells.

Moreover, the dose-dependent rosuvastatin suppression

of B-CPAP cell proliferation was due to the induction of

G1 phase arrest and promotion of apoptosis. Caspase-3

activation is one of the earliest indicators of apoptosis

(Thornberry & Lazebnik 1998) and is known to cleave

PARP, a DNA repair enzyme (Soldani & Scovassi 2002,

Heeres & Hergenrother 2007). A similar trend of increase

in caspase-3 activity, AI by TUNEL assay and subG1 peak

by flow cytometry analysis in B-CPAP cells compared with

Nthy-ori 3-1 cells was observed.

Thyroid follicular cells are active cells and have organelles

associated with both secretory and absorptive features.

Numerous profiles of rough-surfaced endoplasmic reticulum,

small vesicles, abundant lysosomes, and endocytotic vesicles

were the ultrastructure features of both untreated cell lines, as

expected. Accumulation of lipid droplets, lysosomes, vesicles in

the cytoplasm, and enlargement of endoplasmic reticulum were

the first signs that were detected with rosuvastatin treatment

in thyroid cell lines. Enlargement of endoplasmic reticulum was

observed in B-CPAP cells even in small doses, whereas
Journal of Endocrinology (2011) 210, 105–115
enlargement of endoplasmic reticulum occurred in Nthy-ori

3-1 cells in higher doses. HMG-CoAR is an integral

endoplasmic reticulum membrane protein. Endoplasmic reti-

culum is poor in cholesterol and is highly sensitive to cholesterol

alterations (Ikonen 2006). Enlargement of endoplasmic

reticulum in thyroid cells with rosuvastatin treatment may

indicate the response of this organelle to cholesterol alterations

induced by rosuvastatin treatment, and B-CPAP cells are more

sensitive to cholesterol alterations than Nthy-ori 3-1 cells.

Autophagy is a catabolic process that involves lysosomal

degradation and recycling of cytoplasmic constituents.

In order to maintain control of cellular components, basal

autophagy plays an important role in cellular homeostasis

by degrading excessive damaged proteins and organelles
www.endocrinology-journals.org
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Figure 7 Nthy-ori 3-1 and B-CPAP thyroid cells treated with
rosuvastatin for 72 h. Nthy-ori 3-1 thyroid cells treated with (A)
12.5 mM (C) 25 mM (E) 50 mM (G) 100 mM (I) 200 mM rosuvastatin.
B-CPAP cells treated with (B) 12.5 mM (D) 25 mM (F) 50 mM (H)
100 mM (J) 200 mM rosuvastatin. (A and D) An increase in the
number of secondary lysosomes and autophagosomes is observed
with 12.5 and 25 mM concentrations of rosuvastatin. (E, G, and I)
Lipid droplets and vesicles are examined in Nthy-ori 3-1 cells. (F, H,
and J) B-CPAP cells were degenerated (Uranyl acetate-lead citrate
A, B, D, E, G, H: !8000; C: !12 000; F: !6000).
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(Thorburn 2008). Endoplasmic reticulum stress and

induction of the unfolded protein response (UPR) pathways

stimulate autophagy in mammalian cells (Hoyer-Hansen &

Jaattela 2007, Yorimitsu et al. 2006). It has been demonstrated

that statin treatment causes the induction of the UPR (Chen

et al. 2008, Mörck et al. 2009). Enlargement of perinuclear

cisterna in thyroid cells, which may be an ultrastructural

feature of stress caused by rosuvastatin treatment, was

observed. In the present study, B-CPAP cells showed an

intense vacuolisation and engulfment of cytoplasm and/or

membrane residues by autophagic vesicles, which are the

hallmarks of autophagy, with low concentrations and 48 h

incubations. Nthy-ori 3-1 cells showed these autophagic

changes with higher concentrations. Although autophagy is a

pro-survival defense mechanism of cells to stress, there is also

evidence that over-stimulation of autophagy can lead to cell

death, by activating apoptosis (Scott et al. 2007) or autophagic

cell death (Levine & Yuan 2005, Tsujimoto & Shimizu 2005,
www.endocrinology-journals.org Journal of Endocrinology (2011) 210, 105–115

Downloaded from Bioscientifica.com at 05/12/2020 10:23:36AM
via free access



70

Nthy-ori 3-1

A

B

B-CPAP

Nthy-ori 3-1

B-CPAP

60

50

40
A

po
pt

ot
ic

 in
de

x 
(%

)

30

20

10

0

70

80

60

50

40

A
po

pt
ot

ic
 in

de
x 

(%
)

30

20

10

0

Control 12·5µm 18·5µm

* *
*

*
*

**
**

**
**

* *

*

25µm 50µm 100µm 200µm

Control 12·5µm 18·5µm 25µm 50µm 100µm 200µm

Figure 9 The apoptotic index in Nthy-ori 3-1 and B-CPAP thyroid
cells treated with 12.5, 18.5, 25, 50, 100, and 200 mM rosuvastatin
after 48 and 72 h. The number of TUNEL-positive apoptotic cells
was increased with increasing concentrations of rosuvastatin
treatment after (A) 48 h and (B) 72 h. The apoptotic index is
significantly increased in B-CPAP thyroid cells with all concen-
trations of rosuvastatin for 48 and 72 h compared with Nthy-ori 3-1
thyroid cells treated with the same concentration and time interval.
The data were given as meanGS.E.M. (*P!0.001, **P!0.05).
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Figure 8 Caspase-3 activity in Nthy-ori 3-1 and B-CPAP thyroid
cells treated with increasing rosuvastatin concentrations at (A) 48 h
and (B) 72 h. Rosuvastatin caused a concentration- and time-
dependent increase in caspase-3 activity of both Nthy-ori 3-1 and
B-CPAP thyroid cell lines. Nthy-ori 3-1 thyroid cells treated with all
concentrations of rosuvastatin for 48 and 72 h displayed a
statistically significant difference compared with B-CPAP thyroid
cells treated with the same dose and time interval (P%0.001).
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Gozuacik & Kimchi 2007). It is now believed that there is a

crosstalk between apoptosis and autophagy and these processes

are different aspects of the same cell death (Thorburn 2008). In

this study, with low concentrations of rosuvastatin, B-CPAP

cells showed apoptotic features such as nuclear condensation

(pyknosis) and fragmentation (karyorrhexis). Moreover, with

the highest concentration of rosuvastatin, B-CPAP cells with

normal morphology were not detected while Nthy-ori 3-1

cells showed normal morphology with intact nuclei and

organelles with the same dose. Our ultrastructural findings

support a shift from autophagy to apoptosis with increasing

concentrations and time intervals of rosuvastatin treatment

in B-CPAP cells.

In this study, various methods such as TUNEL, caspase-3,

morphology to determine apoptosis to validate the results

were used. TUNEL is a quite sensitive method for detection

of in situ DNA fragmentation; however, necrotic cells can be

included in apoptotic cell count with this method (Banasiak

et al. 2000, Hornsby & Didenko 2011). Both floating and the

adherent cells were evaluated for the morphological
Journal of Endocrinology (2011) 210, 105–115
assessment, while the TUNEL data demonstrate DNA strand

breaks of the adherent cells only. The morphological

determination of both floating and the adherent cells may

result in higher apoptotic percentages. However, the overall

analytic data demonstrated the presence of apoptotic effect of

rosuvastatin on thyroid cells in vitro.

This report is the first, to our knowledge, to investigate the

effect of rosuvastatin treatment on papillary thyroid cell line.

Rosuvastatin induced autophagic changes in B-CPAP cells

even in lower doses and a shift from autophagic changes to

apoptosis was observed with increasing concentrations of

rosuvastatin. In Nthy-ori 3-1 cells, however, baseline/mini-

mal autophagic changes were seen only in higher doses and

increased exposure times. The results indicated that rosuvastatin

treatment induced autophagy and subsequent apoptosis in
www.endocrinology-journals.org
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B-CPAP cells. The present study revealed that rosuvastatin

treatment may be an alternative treatment in patients with

papillary thyroid cancer, who are refractory to surgery and

radioactive iodine ablation. Clinical implications of these

findings need to be confirmed by in vivo studies.
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Gbelcová H, Lenı́cek M, Zelenka J, Knejzlı́k Z, Dvoráková G, Zadinová M,
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