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ABSTRACT

Background: Anaplastic thyroid carcinoma has grave prognosis with most patient dying within 6 months
of diagnosis. 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors have been reported to
have an anticancer effect in experimental and clinical studies. In this study, we investigated the effect of
HMG-CoA reductase inhibitors on cell growth, invasiveness, adherence and signal transduction to evaluate the
possibility of simvastatin as an agent for treatment of thyroid cancer.

Methods: The viability of simvastatin treated 3 thyroid cancer cell lines (FRO, WRO, and ARO) were
determined. We evaluated the cell migration, anchorage-independent growth and invasion ability in anaplastic
thyroid cell line. The expression and phosphorylation of focal adhesion kinase (FAK) and extracellular
signal-regurated kinase (ERK) were determined by immunoblot analysis.

Results: Three thyroid cancer cell lines showed concentration dependent decrease of viability after treatment
with 100~200 mM of simvastatin. Anaplastic ARO cell line showed the most predominant decrease in
viability. In ARO cell lines, cell migration was decreased by concentration dependent manner after treatment
with simvastatin (concentration > 5 mM). Anchorage independent colony formation also decreased after
simvastatin (= 10 mM). Finally, immunoblot analysis revealed that the phosphorylation status of FAK and
ERK decreased in time dependent manner following treatment with 10 mM of simvastatin.

Conclusion: The results of this study suggest that simvstatin exerts a favorable effect on the progression
and metastasis of thyroid cancer. However, further studies are needed to elucidate the related mechanisms and

signal transductions prior to its therapeutic application. (J Korean Endocr Soc 23:238~244, 2008)

Key Words: anaplastic thyroid cancer, chemotherapeutic agent, HMG-CoA reductase inhibitor

AeL=l: 2008 39 27Y
=34z} 2008 59 169

]
[e]

b

]_
1A e, Sk Slshist Aokl vt
* B AT oA TA] ATHI2007-374) A W T MSDFAA ATH| S| Hzel Slaf o] FolH3.

- 238 -



— A4 9] 59 AnkzEidle] wlEst AR AEFe] A

M B

A A7} ol TS ol 79 2o

7341} thE Aol AHo)E 9ol AWEgo)
o] YolAn, Ml £ el 4 1) o)

l?“‘"i‘o] 6714 ol A = Sl FAR ATE }AEH?W]

= 3keH1,2]. skAE, o3k RegH <

A Se] 21 sjolu} A X S Aol i3t

7(40]\:]—.
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1. M=

Aluk2E}lE- Calbiochem (Darmstadt, Germany)oll4] 231}
9Jom, Cell Counting Kit-8 (CCK-8)-> Dojindo Laboratories
(Kumamoto, Japan)oll4] Js}3icl. FAK, phospho-FAK,
ERK, phospho-ERK®l tigt A9} Cell Lysis Buffer
(10X)= Cell Signaling Technology (San Diego), ©]X} &k
@l HRP-conjugated anti-rabbit IgGi= Vector Laboratories
(Burlingame)oll4] 733t} AIE uljokol] Z a3l Selo}
g3} RPMI vl Bl penicillin-streptomycinA] &HA4A1=
Gibco BRL (New York)Z HE] s}k gl A ekl
A5 Micro BCA P 7|ER felop IA dnl
Pierce (Rockford)oll¥] 3351912, Western Blotting Luminol
Reagent= Santa Cruz Biotechnology Inc. (Santa Cruz,
CA)olA AEA<G Z47)EE Chemicon (Temecula, CA)
oAl Fdsldek. 1 flel] A8 3t oFEEY Sigma
(Saint Louis)oll4 413k
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2. M= 3 HiQk

A F AlEF2] FRO, WRO, ARO A|ZFE 10% 2]
SeleFd A7} gAA7} -5 RPMI #iof o2 5% CO,,
37°C & wid7]olA] wieksioict. okl 2~3Ymiet
ghlglon AE7t 70~80% A= Ak Ak slsl
o} Almksetel x2] A 60 mm Al 6 x 10°7H2] Al
I35 7ot 70% BE Ak Wl 05%2] PAe] E3iH
RPMI wljeflo 2 nHto] a1 Azl 5o] Avl elels
Helslel Folow, AE AdS B 913t Aol 96

$ ool 5 x 10°48] AEE 7o} 29 Fol] SfEE
etk
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Aukzelglo] AE Aol uX|= o3k doliy] 93l
CCK-8< o] &4 uba] BAm-S A183]9it) 96 S5 wlje
gholl 7 9% 3 5 x 10714 9] AES BFslar 29 ¥ o}
3t Fo] AlukElelE -R3F RPMI mliokoio g 7o}
T F 48217k B} Al wiekTlollAl mieksldek. wHFRE
A73ska PBS &Moo 28 AIHe & CCK-89] 557}
10%7} =25 e E3elA] gb violliz) 3] 4sle] 2t
well 2100 uLA4 H7Fs1ct AE wiorlolA 1-4417F &
ok wjek & Wbl HEE ZH43)7] $J8)] Spectramax 340PC
(Molecular Devices, Sunnyvale, CA) microplate F57]ol|
Al 450 nM 9] o FEE FAsglem, 7 AdY
S o2 33] HHE Agfsle] HIFXE T3
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4. 0|=&3(Migration Assay)

AZe] olEEAE S8, AEZ 692 viokiol] o}
100% WHEES 8wl wilola wiekelsieh. ol
Zelow] B ol 8sjo] o 1 mm AES] Holrl AESS
Tl Folle] AE7} e Fi(clear zone)S THEO]
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(Anchorage Independent Growth Assay)

B2 S SAsl] flste] REad3dsE 3k soft agar
plate)ol] A= uljcksto] F2hs YAlehe AEES H7l}l
t}l 60 mm vFH Aol W= 0.5% 2] ZAISH (agarose)=
Tt A 2.5 mL A% Ho ZLolA] 23l T ujekx
= G A el 2 he7] Sl8l HBEE 0.6% 2
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24 = ullod Aol 12702] AlZEuoF SHchamber)o] &
o] Shx= chemicon o] X5 F4 7|ES AHEslo] s
Aol whe} S Z1sslaict. 3ol vielli= 300 pLe
0.2% EX 7} wiokelol] &k 2 x 10702 AEE Fol A%
siglem, ko] efellE 10% Feloh P mieklE o83}
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S $l8lod, 10% acetic acid SHoZ "lol] 9= AEE
=0l 96 958719 560 nm N4 Spectramax 340PC
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Tt A2 Belele] T Aeke slgich AL
Selo} 9 g ERow BCA A How 2493
t}. 30 ug?l ¥hAS 10% SDS-PAGE gelollA] 21719353k
o] ZAMXZ F YEZAEFZ ="K Amersham Bioscience,
Piscataway, NJ) 22 o|FAIZck w3 alid AxpaAle} 12
AZE &} WA v A7 3 HRP7E d7Ee] ole olx14)
A= 1A7F B HRSA]7]3 Western Blotting  Luminol
Reagent = Z-5oll ZH3A1ZIck 2l o] Aot HAS 9
3k 270 FluorS Multi-Imager$} Quantitation Soffware

(Bio-Rad) & o]-&s}5irt.
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145}

AlnlzelElo] 7HEA oF AEF Lo u|X| &= JkS 3}
els17] 913l FRO, WRO 9 ARO A|EF ZHzbo]| thokslt =
To] AukiElElS 4827k £k Helsla cCK 2AS
FalAKFig. 1). Ankeeheel] thet A|Z e BE
FFlA] BT oJEH o7 7Haslglom, ARO A7} 71

2. OIE5} ZHAMM 2 ARO MIEQ| OIS % 2t
SAI0H THaH AlBEAELEIQ] I8t

Alzeielol did AEE welol 71 7kt kA e
HQl ulEak 44 §F ARO AIEEE olgsle] o574
o 3Rl Ui dabe ShlelsiekFig. 2). Alset
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Fig. 1. Effect of simvastatin on thyroid cancer cells. Cells were exposed to the indicated

concentration of simvastatin for 48 h, and cell viability was determined by CCK assay as

described in “Materials and Methods”. Data presented are mean = SD for three independent

experiments.
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Fig. 2. Simvastatin inhibits
-independent colony formation of ARO cells. (A) Migration

migration and anchorage

assay: The scratch wounds were created in a ARO cell
monolayer and incubated with the indicated concentration
of simvastatin. After 3 days, cells were photographed
through inverted microscope under 100 X magnification. (B)
Anchorage independent growth assay: ARO cells were
cultured in soft agar plate with the indicated concentration of
simvastatin as described in “Materials and Methods”. After
11 days, cells were stained overnight in a solution of 1
ug/mL iodonitrophenyl tetrazolium (INT) and scanned by
FluorS Multi-Imager (upper panel in B). The lower graph
represents the percentage of colony density in upper panel in (B).

B ARE 5 OEHoE gk 2 $AY & 99
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YL 248 o= ﬁu}cahas S5 olEHew
A2t 94 7aAZkFig. 2B).
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7] Slell 4 ok 2 x 10709 AES Ageslglom, Anks
ElElS 1~100 pM FEZ X]2fslo] 48A17F Fol] 218 34
staL AR Hegsigick ARO AES] 2t 52 S5 oA
o2 M4l om(Fig. 3A), Bhe Bste] dMEl AEE
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Fig. 3. Simvastatin inhibits invasiveness of ARO cells. ARO
cells (2 x 10° cells) are seeded into the chamber in 300 uL
medium and incubated with the indicated
concentration of simvastatin in 24 well culture plate. (A)
After 48 hours,
ECMatrix gel were stained by dipping the insert in the
staining solution and photographed through
microscope under 100 X magnification. (B) The stained cells

culture
invasive cells on lower surface of the
inverted

were dissolved in 10% acetic acid, and colorimetric
absorbance was measured at 560 nm. The graph represents

the percentage of invasion value.
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Fig. 4. Effect of simvastatin on activation of FAK and ERK in ARO cells. Cells were exposed to 10 uM simvastatin for 0~24
h and activation patterns of FAK and ERK were determined by immunoblot analysis as described in methods. (A) Changes in
activation of FAK and ERK. (B) Data quantified as densitometry units and presented as percentage of the control values. Data

presented are mean *
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