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Fluvastatin Induces Apoptosis on Human Tongue Carcinoma Cell Line HSC-3

Kimiko FUJIWARA,? Masanobu TSUBAKI,? Yuzuru YAMAZOE,? Saori NISHIURA,¢
Takeru KAWAGUCHI,? Mitsuhiko OGAKI,? Minori NISHINOBO,? Kenji SHIMAMOTO,?
Kenzo MORIYAMA,? and Shozo NISHIDA*?

2Department of Pharmacy, Kinki University Hospital, 377-2 Ohnohigashi, Osakasayama City 589-8511, Japan,
bDivision of Pharmacotherapy, Kinki University School of Pharmacy, 3—4-1 Kowakae, Higashiosaka City
577-8502, Japan, <Department of Pharmacy, Nara Hospital, Kinki University School of Medicine,
1248-1 Otoda-cho, Tkoma City 630-0293, Japan

(Received June 16, 2007; Accepted September 13, 2007)

Statins, which are inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, suppress cell
proliferation and induce apoptosis in various cancer cell lines. However, the effects of statins in head and neck carcino-
ma have not been reported. In this study, we investigated the mechanism by which fluvastatin induces apoptosis in
HSC-3 cells. An increase in caspase-3 activity was observed. The apoptosis induced by fluvastatin was inhibited by the
addition of geranylgeranyl pyrophosphate (GGPP) to the cell culture. When we examined the survival signals at the
time of apoptotic induction, we also found that fluvastatin had caused a remarkable decrease in the phosphorylation of
extracellular signal-regulated kinase (ERK) 1/2. Moreover, we also found that U0126, a MEK1/2 inhibitor, induces
apoptosis in HSC-3 cells. These results suggested that fluvastatin induces apoptosis by inhibiting GGPP biosynthesis and
consequently decreasing the level of phosphorylated ERK1/2. The results of this study also indicate that fluvastatin may

be used as an anticancer agent for tongue carcinoma.
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faZzHWY, TIVNAYF LD TR —3 AiHE
SRR OFDOHEFIZ DWW THRE 2175 7=,

£ B 5 &

1. RE TINRYF, 2EF ) PRUA
IYRTFZIVTFZ0d Sigma tE L DEEA L 7=,
IN5IEDMSO THMLEDSE, 1 > Mk ER
(PBS,pH7.4) THKRL, 045um DA T L > 7
AN —TABBELZDDEMERA L. ANO >
> %7 k> (MVA), FPP }xUX GGPP (Sigma) %
100% =% /J —)V CEfR#%, PBS(—) THRL,
045um DA T L 2T 4 )V —THMBEEL = H
OEMHLEZ. A2 TL >, BUad—)l (Sigma)
130.45um DA T L 2T 4 )VF —TABKEL,
PBS(—) THMLZZbOEMAL . U026
(Promega) & DMSO TiafEL 7D %, PBS(—)
THHRL, 045um DA TV > T4 IV —TH il
WELZBOEMHL .

2. fARE%  HSC3fijgiaX=>vY> -2k
L7 k<A > (Gibco), KU 10% FBS (Gibco)
Z 58 pH7.4 O MEM Kt (Sigma) 12T, 5%
CO, o FTHEL .

3. MERABROKRET 11X 10 cells/ml 2 7%
L 7= HSC-3 ffifid & 96-well 7' L — NICHEFEL, 24
hr AiiEE2&R%, 0.25, 0.5, 1, 2.5uM D 7 IVNZA S F
CERIRIL, 24, 48, 72 hr K% O Ml 02k
% Tetra Color One i 3 (EfbFT3) ZHWT
WST-8 JEIZ K D W 492 nm 12 THIE L 7z.

4. Caspase-3 OAIFE HSC-3 fifgiz, 2.5uMm
TINAY F &ML, 24 hr BEZ ORI,
cell lysis buffer 2L, MIUE 2 #HER, Sk
k5 XT7F K (DEVD: Asp-Glu-Val-Asp) 12 AFC
Z & S 872 DEVD-AFC % SuL i®xmL, 37°C T
lhr f > F aX—h L7k INzH#HNTHHNE
(B SLBUERT) 12T emission wavelength: 400 nm,
extention wavelength: 505 nm THEOEHRE 2 HIE L
7=. ¥7z, ¥ )NV &% BCA ik (Pierce) ITTE
mL, oy NI EE®E, KO KRR
(minutes) TEDHIEHRE 2R L /2% unit (OD/
minutes/mg of protein) &EED, ZF17% caspase-3
EYEDHAL & U TR L 7z,

5. AN0OCEEERPOLERMEC L SIS
BINEIZHR  HSC3 #iflaz 96-well 7L — M ICHE

FEL, 24hr §iksEm%, & welllZ 1mM MVA, 10
uMm FPP, 10 um GGPP, 30uM 27 U L >, 100 um
AEF /2, 300uM A IR TFoIIVT T, K
O300um RY J—)L &5 L, 4hr %, 2.5um
TIVNAEYF 2 ZEML . Mg, 72hr B3&
L, MifaskoZ{tz WST-8 i EIC K DHEIE L 7=

6. Western blotting 25uM TIVNAZ F >
ZWML, =z oML Lz HSC-3 fific
cell lysis buffer [Tris-HCI (pH 7.4), 1 mM EDTA, 1
UM R T A F > lumOA XRTFF >, 2mMm F )b
ENFPOUBFRUDTA, TuM BIVNA 21 2 &
E4%—, IlmMPMSF, "2 77v#%—tY1 >kt
—hrFIIV1/TKN0.5% /=5 v b P-40] %
WL, MR 2w s es, [RIL U 72/l s 70 & &
SINIH TN ELE, OB T ) E 10% SDS-
PAGE T X D E XV E L, # W\ T PVDF &
(Amercham) 2% >NV 2B L. 2NN %
25 L72 PVDF K2 S% AF A3I)7iIcT7ay
FUERTOR. RIZ, HWNETZH N7 ITFR
72 —RPiikZz2 KIS 87205, 0.1% Tween 20
Z&E TBS THFL, “KVUATRIESEEZ0D5,
ECL plus (Amercham) 12Xk D{bZEFHEZH, Cool
saver AE-6955 (ATTO) IZXDHEL, ffizir-o
/z.

1. TR T3 VFEE L EERET
£ LU 7. Fig. 1(A) O#7E 121X ANOVA with Dun-
nett REZEMAL, ZOMOIHMOMEITII ¢ &
EaHWz, Eiz, BREN 1B REOEE, AR
MDD ERDT.

£ B & X

1. 7ILNRZF>O HSC-3 MEECxT S
B TJINZAYF UIZBWT HSC-3 Mg Ikt
L, Mifaz#Ed5REICOWTHRFLE. 7L
INAK F 2 2B E 0.25, 0.5, 1, 2.5 um THLE L,
24, 48, 72 hr BEBZO LMK ZRE L. ZOHl
EfEZE > bO—)LIckd HifEFRE L TERL
2. TORER, TIVNZAYFUHEETFICEELE
HSC-3 #ifid TIXA&#EE D 72 hr # O ML 4 7 K1
82.8, 41.3, 24.1, 13.8, 13.0% TH > /=. HIEICHE
LR AR T D20, TRICHIEZFET 2R
EEHWSD., XoT, JILNZAYF INHEEZ
25um & L7z (Fig. 1(A)). RITTIVNAZ F I
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Fig. 1. (A) Cell Viability was Measured by WST-8 Assay and
the Results Were Expressed as Percentage of Surviving Cells
Over Control, (B) Induction of Caspase-3-like Activity As-
sociated with Fluvastatin-induced Cell Death.

(A) Data are presented as mean=+S.D. (n=5). *p<{0.01 compared with
the control. Caspase-3 activity is expressed as the picomoles (proteolytic
cleavage of the caspase-3 substrate DEVD-AFC) per hour per mg of protein.
Data are presented as mean+S.D. (n=35). *p<0.01 compared with the con-
trol.

K OHESE A Z L7z HSC-3 #iiid @ caspase-3 D
EHEAITDWTHE Lz, 25uM 7IVNZAEY F >
ETRBXDITHSC3 iz L, 24hr 0D
caspase-3 {EMEAME Lz, TOMRE, a2 ho—
JWEHB LU TIZIVNZAY F AUBIZ LD caspase-3
EHEO EANED 51/ (Fig. 1(B)).

2. AND0OCEEBRAPOERYMEC L D MRS
EBIHHE A F 21 HMG-CoA @ il % %
HET 720 (Fig. 2(A)), ANOVEZEBTE
AR E N5 MVA, FPP, GGPP, 27 JL >,
EF¥ /2, AVYRTIINTFZ KO RY a—)b
I K 2 HIRESERAEMBI N R 2 MR L, ANDO %
P& CHINESEICBE 53 5 IR OREEKIT D W THET L

o, TORER, TINZAYFUOHEEFIEELE
HSC-3 #ifi TIZMAUIE DA E MR T, MVA &
O GGPP ft HiIC K D Mifuse A BTl S Nz

(Fig. 2(B)). ZOANOVEREKDS L, GGPP
PEAENDREIIE FPP>GGPP KU1 VYR TF2)b
oy > Es (IPP) >GGPP @ 2 #¥& A fFEEL, X
INO BRI G U 7= MIE A EIC BN T, £
FHBALICE < BRENERS. 50 &E, TIVNAHY
F T X DA, MVA, GGPP ORMIZE >
TOHMBIZENFEIE XN, FPP ORI TIEEIET
ERMM o TRERIE, 2 OEN AR HSC-3 il i
IZB W T, FPP—GGPP Tl3/z<, IPP>GGPP A
DORRIEDELITH N TNDE ZE, ZLTIDORIET
D GGPP EAEEENTIVNZA Y F > OMAEEICE
BLTWSLIEERBLE.

3. Ras FRYVTIGEERFOFEEERE 7
IWNAEZ F I K5I GGPP i 5 DOk
BOPEGL TWAsZENRBEINELY (Fig. 3
(A)), GGPP /»5 Ras DB GIZDWTHREFL
7o, 2.5uM 7I)VINAE F U FEE T IZ HSC-3 filfd &=
K3 L, ERK1/2 (O Akt OiEVEBIEEZ TR L /-
HSC-3 flifgic BN TIINZAY F 0Bzl Y
> Ak ERK OFifiiini b zs8o . Lnl, U
b Akt I AN D 5 o 7= (Fig. 3
B)). TOZENSLTIVNAYFIZLBT R
k—3 Z %13 Ras/ERK #&5& DG Fic L % 0]
REEMNE Z s N,

¥7z, ZOERK1/2DU CEILOKTA, MVA,
FPP, GGPP {{"INC K U & %2 21T 20 &) Oet
1ol WRELT, JINAYFHRMIELS
HSC-3 i fd Td Y > {k ERK1/2 O K T i,
MVA, GGPP OiFIMC X D HIEE /=748, FPP O
WIMIFEE RS aho 7z (Fig. 3(0)). K ED#E
B, HSC3HMIIZB T2 7IVNZAY F 2 iT &
57K b= AFEL, ANDOCEREEKD GGPP
A TICL D Ras/ERK GO FWEETH %
ZENRBINT.

4. MEK1/2 [AEH|(C &k 2 HHFISEFERNE 7
JVNZE F 2T K 5 M f3E% 5 A ERK1/2 OYE
KFIckBZENEZSNZD, MEKL/2 [HE
HITdh % U0126 I K DML % 78 T & 2 et
L7z, ZORHE, 25, 50 uM U126 YLEEIT X O Hlifi
Wik B xR L7z (Fig. 3(D)).
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Fig. 2.

(A) Schematic Representation of the Mevalonate Pathway and the Effects of Statins, (B) Inhibition of Fluvastatin-induced

Apoptosis in HSC-3 Cells by Intermediates of the Mevalonate Pathway: Mevalonic Acid Lactone (MVA, 1mm), Farnesyl
Pyrophosphate (FPP, 10 uM), Geranylgeranyl Pyrophosphate (GGPP, 10 uM), Squalene (30 um), Ubiquinone (100 uM), Isopen-

tenyladenine (300 uM), and Dolichol (300 uMm) .

(A) The dynamics of each reaction depend on cell species. (b) Data are presented as mean+S.D. (n=35). *p<0.01 compared with the group treated with

fluvastatin.

% £

TIVNAH F L HSC-3 fMifigicxf L TY R h—
DAEFEL, TDFHEEIT GGPP OFMIZK DA
EINL. INSOHERNS, TIVNAZF ITK
7R = AFEEFIIAND CBEEESO
GGPP (EAEHEICEL DB D ERBEIN7Z. GGPP
WK TFGCGHZ N7 OT L ZIVEICEEL TH
0, MfaDAEE, BB\ TEHEE/S&EZ2H-5 T
WD ZEMS,D TIVNAY F 13 GGPP EAE

WEOEDT G NI DT L Z)bZE M d %
ZETTYRI—REFHE LI ENEAOND.
REIL> T G ¥ > )87 TH S Ras I MAPK
R 2R L, &A1 Ek-1 © c-Myc O XK 5
IStk 2 IR B R T 2G5 2 & THID EFIT
B BEboTW5, RasmbDI T FIVREIZIE
MAPK 7 7 2 J —IZJ& 9 % ERK1/2 Kk U* MAPK
REEDOIOZ b= RSN TS PI3K/Akt #%
BEABEE L TW% (Fig. 3(A)). 4[E, Ras @ R
DEBEBEFET T FIVRTF TH S ERK1/2 I
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>

control SpM 10pM 25puM 50 pM

U0126

(A) Ras Signaling Pathway through Geranylgeranyl Pyrophosphate (GGPP), (B) Fluvastatin Specifically Suppresses the Ac-

tivation of ERK1/2 in HSC-3 Cells. (C) Inhibition of Fluvastatin-induced the Decrease Phosphorylated ERK1/2 in HSC-3 Cells by
MVA and GGPP Administration, (D) Effect of MEK1/2 Inhibitor, U0126, on HSC-3 Cells.

(B) HSC-3 cells were treated with 2.5 um fluvastatin for 24, 48, and 72 hr. Whole-cell lysates were generated and immunoblotted with antibodies against phos-
phorylated ERK1/2 (phospho-ERK1/2), phosphorylated Akt (phospho-Akt), ERK1/2, and Akt. After administration of 2.5 um fluvastatin, the levels of phos-
phorylated ERK1/2 were lower than those in control cells. (C) HSC-3 cells were pretreated with 1 mm MVA, 10 um FPP, or 10 um GGPP for 4 hr and then treated
with 2.5 um fluvastatin for 72 hr. Whole-cell lysates were generated and immunoblotted with antibodies against phosphorylated ERK1/2 (phospho-ERK1/2), and
ERK1/2. (D) Cell viability of HSC-3 cells treated with 5, 10, 25, and 50 um U0126 for 72 hr was measured by WST-8 assay. 25 and 50 um U0126 induced inhibition
of cell viability. Data are presented as mean+S.D. (n=5). *p<{0.01 compared with the control.

Akt DRBEEBRFNLZEZ A, U B ERK O

TZERL LN, U R Akt IZIIZENED 5
nhmn-o. 7, MEK1/2 [HEZHITH % U0126

RO RIBRICHEAEZHRE L. 2O EMhS
Ras/ERK ## DIEMHKTITKD, TILNZXEF >
YRR — A Z2FEL TNWDHIENBZALNS.
B, XY F KMl AFEIXa L X 7o—)b
DAEGHKIAE, Y £2I3MEEAOEE) THS Z
ENWRINTVBY, SGEOHFIAYF N7
FIWREZEHET S EERL, AYF LD
Rl B4 403 ERK1/2 OIEMHIK TR EETH S &%
ABN5S.

SEDRFTHWE 2.5uM 7I)VNAY F I3
RICHBT BN (1[5 20-40 mg) O IfiiE H i
(0.3-1.0uM) KO HFW. 19 L,nL, Fig. 1(A) T
AUEEDICMERREEFREDORETS, 2.5um
K ORIV, MBEFAIH R Y R b — R
FENENEDLENTND I EMSE, HE5HEDT
KIZKOD TIVNAI F AT ED TS E QSHSELE S
R LTRSS TE 2N E 2 o5, £
7z, E NMENEMETIESuM L EOBEED 7))L
INAE F 2 THIRE N FEEI NS Z &, 10 I SITHF
MR TIE 10 uM, FHHIE TIE 100 uM &0 D F R E
TOAHMPENFEIND I EHRINTN
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5. 129 2NEDTEMS, TIVNAYF UIRIEH
MIREIZ HE X, R D & DAY AR ISR U CTE RIS
TERdT 2 EEZ 5N 5.

PLlEDRERNS 7I)VNZA S F 21 HSC-3 Mifigic
%t LT GGPP A #I i1 3 D < Ras/ERK &% D
FHEICXD TR = A Z2FETEHIENRBIN
. TOZERRYF UINENARE DSESETRELS
Do TREMRERE LU THANETHSL I EERL
TWa, GEITENAVHROMABIZDONWTAY F >
DB LD, SRIIMOMAIZ DN THH
BICAYF DRI =27 7> TN T &N
WETHO, £/, BHEHEROH THRITHEY -
BRSO Z RSN EnS, AYF >
EDOHABFEIIODONTEMFNEITI TETH 5.

HEE SEIOMFZEREIE SRS N T
7 e Y —F -y —EHEE Bk 19-23 £
)1 L0 EZT TiTo =
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