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Cilostazol Induces Metallothionein Expression in Vascular Cells
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Metallothionein (MT) is a cysteine-rich low molecular weight protein and thought to function in the detoxification
of heavy metals and reactive oxygen species. We examined the induction of MT synthesis by cilostazol, an antiplatelet
drug, in several vascular component cells to find a new pharmacological effect of cilostazol in vascular system. In human
coronary artery endothelial cells, cilostazol significantly increased M7-I1X and MT-IIA mRNA levels after the treatment
for 6 h and endogenous MT-I/II protein levels after the treatment for 24 and 48 h. In addition, cadmium cytotoxicity
was prevented by cilostazol in this endothelial cells. Moreover, cilostazol increased MT-IX and MT-IIA mRNA levels in
human coronary artery smooth muscle cells, human brain microvascular endothelial cells, human brain microvascular
pericytes and human colon carcinoma Caco-2 cells after the treatment for 6 h. Interestingly, cilostazol also increased
MT-IIT mRNA level in brain microvascular endothelial cells more effectively than in other vascular cells. The present
results suggest that cilostazol can protect the vascular system from toxic substances such as heavy metals via MT induc-

tion in vascular cells.
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AT =)V ENEE FEREOELZ DI EE LI
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DAEWHT B LRI ERZOELEEFHET D
ZEMHMEIN TS, BB £/ ORSYYy—)b
VML S AR e U TR EER 2R 2 &
T, #RRAE BRI A £ O i & N AR R O ik &
MHIL, EREOTHICENTHSD ZEARINT
Wa 1419 giabht, Oy =)V, MENK
HHAEL I k9™ 2 R 1 F 0 I 8 S A AL L2 ok % 3
SEBNHIE A 258 U CEMARRE L 28 D e RN E A
ThBHEZEZLNTWS, X 51T, Wakida 513,
SORYY —IVDNEIMEEZBEHIE2 2 &, o
NZZDIERBEFO—EIc> O A — )T X DK
HAETO MT-1 O MT-I1 OFENEE5T 52 &
ZHRELTNWS 10 /= > 0OX5Y) =)L in vivo
ICBWTHED MT &z %38 T 5 2 &% in vitro
2B W TS Aa s IMR32 e O B i if 5 N i
MO MT G ZFETHIEbMEINTW
5.0 INSO®ENS O —)UITHk 4 s
fk - MfICK LT MT 23852 HEENEZS
n5.

BREE(LIR A D FIE - ERICHB VW TIMEMKICH
FEMAEA NV APRIERISNEZETH D T ENUR
BENTWDS, MT IR A b L AR RIE RS ITH
U TIHRENKEZEGT 225, MEHRBKCST
% MT 3B IREE(LIR 2 D FEAE - i B IR I
HET&E3EEZ256N%. £ T, SMEREEMERK
Mz Hw, o025 =)k b MT & ks E
REEMET 2L LB, AERETHHIRITL
ORIfEBGEMEICRT SO0 =)L OFHFRIZTDON
THBE L.

£ B 5 &

1. Ak b e R M E N A (human
coronary artery endothelial cells; HCAEC), k& k
st B R 4% SE ¥ A5 A (human  coronary  artery
smooth muscle cells; HCASMC), b HINEH M
NEZHIAE (human brain microvascular endothelial
cells; HBMEC), bt b 4EAM & & e (human
brain microvascular pericyte cells; HBP) U b b &
J5 73 A iR Caco-2 #ifiidld, DS 7 7 — < /NA F A
T4 7V (KB KOEEAL .

2. EE HuMedia-EG2 ¥ #ti &2 X HuMedia-

SG2 BxHhik, 7 o487 (Kfk) KDEEAL L.
Dulbecco’s modified Eagl’s medium (DMEM) 13,
HKEEE GRR) KDEALKZ. FaffiiE (FBS)
I%, Invitrogen (Carlsbad, CA, USA) X DEAL
7=. >0 A% —)l {6-[4- (1-cyclohexy-1H-tetrazol-
5-yl) butoxyl] -3,4-dihydro- 2 (1H)-quinolione} I3,
REFEE (85 KOM/EL THWE. §IMT 6
& (Clone: E9) KU1 B-7 7 F > $ifkid, Dako
(Denmark) %X Sigma (St. Louis, MO, USA) X
DENTNEALZ. FilUYF IgG ik kUi~
™7 Z IgG $iiR1, GE Healthcare (Buckinghamshire,
UK) X DAL/, FastPure RNA Kit, PrimeScript
RT reagent Kit 2 7f SYBR PrimeScript RT-PCR Kit
WEEZHINAF (WE) KOEALL 20END
AR, TR W .

3. MfEEE L OXY/—)LAE  HCAEC
Z24 XF 67XE#ET L — MIC#EM L, HuMedia-
EG2 51T 37°C, 5% CO, DS, 2> 7)1 >
NETR#ZL . RIT, B2 % 72 HuMedia-
EG2 FEMIC 8 #its, P AF IV ZIVIRF 2 R ICHE R
Lo X&y—)VziRil, —ERMEEL k.
HBMEC % HCAEC & [A] #%1C HuMedia-EG2 5% it
ERAWTH &L, /2, HCASMC KU HBP iZ
HuMedia-SG2 £z #h & i\, Caco-2 #i11 10%
FBS &4 DMEM % W TR L 7=.

4. MTmRNA EDfIE 0¥V —) Ll
Mg, B RWEERREL, U CERRRER [PBS(—)]
THEMLE % 2 [P L /=12, FastPure RNA Kit %
AWTh—%)L RNA ZHiiiL7=. PrimeScript RT
reagent Kit 2 i W CTHEE XN 2TV, DWT
SYBR PrimeScript RT-PCR Kit Z W T 7))L % 1
LW RY AT —FH#S S (U7 )Ly A L RT-
PCR) #f7ro /. MT-IX, MT-IIA, MT-IIT }x 877
7V e R 3 Y CEeli/KFERE#E (Glyceralde-
hyde-3-phosphate dehydrogenase; GAPDH) D4
BT 51 <~ —1%, Perfect Real Time 7R — k3
ATL (FBHAINAF; WE) KOEELENED
DZEEHALTHWE, & MT BETFORBEIL,
GAPDH |29 M F B & E U THEHL 2.

5. MT-I/I1 % >IN EDQRIE P OXYY—
IVILERTE, K5 BiEZEFREL, PBS (—) THllafE
Z 2 [Eye Uz, MBEIC RF IV Y O A
(SDS) #Ef#iE [S0 mM Tris- ¥ (pH 6.8), 10%
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ZUtn—)b, 2% SDS] ZiRinL CTHifZ [\ L
7=, 95°C T 15 srfim#E L 7=, #HUEHZ SDS- AR
77 UITY I RTIVEXKE (SDS-PAGE) O —
FA Ny Ty — (1.61%7Vt0o—), 5% 2-
mercaptoethanol, 50mM FF XL 1 ~—)l, 10
mM TF L >27 2 CuEEEE, 0.005% 7 0E 7«
J =)V 7I)V—) ZHA 95°C TS5 /pRimeELL 7=. &
2, 3—R7EF7IRZKBENO0IMIZERS
oA, EXFTI0MKIGSEZ. 1.5M
Tris- 3 (pH 8.8) THFIL =%, Laemmli D4
FEICUE L TRl 2 SDS-PAGE (15% 7 7 U L7
IR) ICKODBEL =, BRIKEB LT IVHDE >
INIBFINT—RT70y k22 (7 b—, Hx)
ZHWT, "YU 7vikE=U5 > (PVDF) [KiZ#x
H%{T>7. PVDFEZ 25% 7 )% )7 I)IVFE R
IKESHRIZ 30 43[R U 7= 1%, ZKB/K T 3 [, Tween®
/Tris-buffered salt solution (TTBS) [20 mM Tris- ¥
B (pH7.5), 150mM #ifkF MU D A, 0.1%
Tween20] T 1 [REPE#H L. ZD#%, PVDFEZE S
BAFLIINIZER TIBSIZEL T30 M7 0Oy
Fo7 L, TIBSIZXD 3 EIFEHL 2%, MT-1 K
O MT-I1 & >NV B %388 %51 MT Hifk (100
fERmHR) ZRISSH7=. KiZ, PVDF JE%E TTBS
T¥e ¥ L, Horseradish Peroxidase & & — XK Hi ik
(5000 fZ# #) & Enhanced chemiluminescence ™7
IR 70y T« 7B EZE AN TR
S, MT-I/II Z# >N7BEON> Rt Uz, )
12, EEMENTY 7 b7 Image] 2HWT 3 [HOD
KDY >N mERTL, MT-I/I1 % > )N E D
REE B-TIF 7NN EENTIEEEL T
/) 277l

6. HMPAEMEME > 7)LT > h® HCAEC
ZHRITL (100uM) OFETF, XIIEGEETF,
2O Zx& =) (10, 30 1% 100 uM) T 24 EFREAL
B B, Kz miel, Bl Uz
ANk #ERESE (LDH) DM 2 IR B2z
EEMEDIERE & L T CyoTox 96 Non-Radioactive
Cytotoxicity Assay (Promega, Madison, WI, USA)
ERHWTHIE Lz, MlEEIFLTREL, B
MICEZR U 7.

7. #HEHLE Y3 L EEREETE
L7z, WM MABREREIX, 2 (ANOVA)
& Bonferroni ffi IE{EIC XK 5 -8 E 2\ p<0.05

EREtENICH RO D D2 E LT,
& R

1. HCAEC [Z&H(FTB20RY S —LICLD MT
A E  HCAEC #>uzx%v—)L (10, 30 &
100 uM) T 12 BRILE L /=1, MIRAN O MT-
IX, MT-TIIA }% 1" MT-IIImRNA & % #ll & L /=
(Fig. 1). FOD#EH, MT-IX kX MT-IIl mRNA &
I 100uM D> O X&) —)VILEIZ XD, MT-IIA
mRNA &3 30uM DA LD o2& —)LLEz X
DeENTNERICHEML 7z [Fig. 1(A)]. £,
100 uM O O A5 — )LALEIZ K %5 MT mRNA &
DOREELICDOVWTHRHELEZEZ A, MT-IX KU
MT-IIA mRNA 8133 > b o —)LIZ b 6 KEfE AL
BizBWTRbEWEMEZ R LB OER &
EBHITHA L =AY, MT-III mRNA 13 12 B
MUK THRRENNRED 5N [Fig. 1(B)]. &
512, 100uM O O X5 =)L % 24 3 %\ Iid 48
REFALEE G 2 Z &Ik TMT-I/IL ¥ )NV E &
OHEBEREMNED 5Nz (Fig. 2).

2. HCAEC [Z&(TDH k 37 L0Mizs S Cxt
$3520X5 - ILOBHER Figure 3 iIZ;R 3 &S
12, 100uM O F R 2 A EMULEIC K > TR
fel D EATMEZE AL & A T N A D B 7% U 7= 22 B8
MBOHSNZD, TNHDEEOREEZOXSY
V=)V ET S 2 ETRET 5 2 LRI
\ERINE., £, DRITLABEMUEIZLS
LDH IEFMED M 100 uM D> 0 2 %) — )L hidk
GIBHIECE>THERIEA LKL, 2, 100
UM ETO T ORY Y — )V B X % IER R
TS EMIXEED 5 N 7s/n > 72 (data not shown).

3. L OXRYYJ—)UE(C L5 HBMEC,HCASMC,
HBP ' Caco-2 #if2h MT mRNA 8 HCAEC
DS @ &R B 5> 024 —)l 6 Kl
IR D MT-1X, MT-IIA 2 U8 MT-IIl mRNA & %
Fig. 412779, HBMEC IZBWT, Oz —)b
V& MT-IX, MT-IIA J2 X MT-III mRNA &% W31
HAEBICHEME S/~ [Fig. 4(A)]. KT, MT-IIA
& MT-IIT ® mRNA E0OB BT 1 uM LLED
POZXYY —)VILEIZ XD FED 5, HBMEC T
1%, HCAEC IZHARTEOKBEED OXY Y —)
12L& > T MT mRNA &2/l 7z. HCASMC T
12, MT-IX & MT-IIA ® mRNA &2 ZFNF1 100
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Fig. 1. MT-I1X, MT-IIA and MT-III mRNA Levels in HCAEC Treated with Cilostazol
(A), confluent cultures of HCAEC were incubated at 37°C for 12 h in the presence of cilostazol (10, 30 or 100 uM) . (B), confluent cultures of HCAEC were in-
cubated for 6, 12 or 24 h in the presence of cilostazol (100 uM) . Values are means+S.D. for three samples. *, **Significant difference from the corresponding con-

trol (*p<0.05, **p<C0.01).

uM & 10uM Bl Lo o2y — )itk > THEE
WAL 7= 7%, MT-III mRNA &3 100uM £ TD
PO —)VIBIZ X 2 HEREITED 5z
Mo 7z [Fig. 4(B)]. £7z, Fig. 4(O)ITRT LD
2, IMEMMEZRDES XDICHFEELTNVDS
HBP Tl3, MT-IX mRNA &3 100uM O O A%
o — VLB, MT-IITA mRNA £ 1 uM 2L ED >
OZ4Y) — )V THBEREMNED 5iz. MT-
IIT mRNA &3 100 uM O O X4 — )VALE TH
HIZHEMUZD, ZOREIDOTMATHoZ. 5
IZ, Caco-2 MR TIE, I HERLHIAL D AEHE & I13 R
720 MT-IIT mRNA [Z# S N7 eny, MT-
IX BN MT-IIA mRNA X 100 uM O > O X 5 —
JARIZ KO B REICHEMLU 7= [Fig. 4(D)].

= 3

t DA, MT-IA, MT-IB, MT-IE, MT-IF,
MT-IG, MT-IH [z X MT-IX ® 7 f&D MT-1 377
AV T+ —LDRENELR T THLEINDD,
Miura & Koizumi |% HeLa #iffll TD MT 7 1V 7
+— LBRT OB % FEMICHE L, HeLa fifluT
12, WD MT-IX BTN ENOYT T A 7
A —LITHAIEFICE<SHBE L TS I L 2HEL
TWwa. Yy Z2ZThhvbiid, MT- IS 771V 7
+—LDHT MT-IX BIETF2ERIRL, MT-IIA &
O MT-IIIl mRNA & & B I#E R FRBEMNT %2175
2. AR RICKD, o2y —)lidkt hE
IR K O e b b i H R oD £ A I A i i



No. 11

1419

A

Time (h) 24h

48 h

Cilostazol (uM) 0 1 3 10

30

100 0 1 3 10 30 100

MT-/
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vy)
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Fig. 2.

30

MT-1/1I Protein Level in HCAEC Treated with Cilostazol

% 48 h

100 0 1 3 10 30 100

Cilostazol (pM)

Confluent cultures of HCAEC were incubated at 37°C for 24 and 48 h in the presence of cilostazol (1, 3, 10, 30 or 100 uM) . (A), representative western blots of
MT-I/II and B-actin. (B), the relative values of MT-I/II protein expression. Values are means+S.D. from three independent experiments. *Significant difference

from the corresponding control (p<0.01).

(HCAEC, HBMEC, HCASMC % 8 HBP) H @
MT-IX 2T MT-IIA mRNA &% X H 2N 85
ZEMNHSMEIR o7 (Table 1). HCAEC LIS @
AEREICDOWTIE, & 27 - L NIV TOMEZRIETT
S TWRWD, > ORAFY —IVIIEERAITIMERE
R BV 2 MT-1/11 % 2 )N 7 B O & ik % i 8
THIENHRIND., £/, MEMMEHKD
HBMEC O HBP Tl3, ®E#ifkiik® HCAEC &
U HCASMC & b LT, X 0{KEE QuMBiL)
DT OAYY —)VIVEIZ X% MT-IIA mRNA &0
HEmMNED s N2 EMS (Figs. 1and4), 21O X
£ — )b @ MT-1/11 £ Bk 7 35 62 13 00 5 A 1f 557 4 4%
WBWTXDM<FEEHINDEENEZ 5N S,
Suzuki 5%, FIMT HilkzHW/=70—H-1 F A
U —ic&k D, HBMEC TIZ 1uM © > O R %
V' —)b 12 BFREALE T MT-1/11 % > )N 7 G &K 2
FITHEMT 2 2 LalmE L THO, D RIFIEOHE R
i, o OHMEZBRSXFTLHDTHS. —7,

HEE LROoEFTIIMEEL THWSE N TN S
Caco2 fifldicBNTH O —)ViZ kD MT-
IX KX MT-IIA mRNA QBN ED 5N/ &
Mm5 [Fig. 4(D)], >0 A%Y —)LIdHig'o kg
Wi N A AR U 7z B A2V Ta <, HEEICH
WTH MT-I/II 8T 50 L,
MT-III |3 1989 4F 1T A fe ke S R+ & LT
HEtINZY ONIETHD,D LU THKIZE <
FELTWDZENHSNTND, 20 FiF, ML
DTS MT-IIL NFHEHL TWD T EAmEEIN
TWBH, 20 [ i i T @ MT-I I d
LHH|EIRN. SGEOBFHCXID, BEL XV
LTRWDIBHE D I E M RANE Y MT-IIT mRNA % 5§
HLTWasZENRWHEIN/AZ., Lard, HCAEC
& HBMEC IZBWT, ZORBHEN > OZAY ) —
JVABIZ X > TNy 5 Z &N ER- 2. &
mx&vxﬁb”;éhﬂqnaﬁﬁﬁﬁé ZYASS
@ﬁdbtﬁ@@@*fim&%@”“mm
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Fig. 3. Effect of Cilostazol on Cadmium Cytotoxicity in HCAEC
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Confluent cultures of HCAEC were incubated at 37°C for 24 h in the presence or absence of cadmium chloride (100 uM) combined with or without cilostazol
(10, 30 or 100 uM) . Cell damage was assessed by morphological observation of the cell layers (original magnification X40) and measuring LDH activity in the con-
ditioned medium. For LDH activity, values are means+S.D. for four samples. *Significant difference from ‘100 uM cadmium alone’’> (p<0.05).

IR B NT=NY, T OFEBLFEE NN B M Rr B ARG
RIS THDMMIDONTIESHR S S I a2
UL THHETI2HLEND S, £/, Table 1 ITRT L
D12, B I % H ok o HBMEC {3 th o> i A 12
e MT-IITmRNA D > O 25 —)LIZ L % HEN
Tk b E <, Fig. 4(A)ITRT LI ITKIBE (1
UM DL L) mMEEEINTHD, 2O MT-III O %
B M RGOS O R Y — )T & 2 LR A~
EEH22EZ S ETHEBREN, £, YUX
v 185 /I8 I %5 PN B L LB BENDL3 12 B W T, MIT-III
DMERE R A BT Lo 4K 7RI ML E PN R A e 3 5 1R

FORBEFETLHZENWESINTHBO,? MT-
III 733 1 & 2 1% D B L Rk D PR 712 35 597 % mTREE
MWRINTWVWD, LNoT, YOX¥yy—)L L
12 & % HBMEC } O HBP T ® MT-III #% i &
VEGF ORBiAEEZ N L TR O REICRE 57
LHREMENE A 5N 5.

I, BERTFLENFEZHNTCMTIONS >
AVIZYIRTAR ) v I T I RITAREDE
BT AET T ANERI N, MT OEBBEEE O fiEHH
DEDOEREFINELTULALFHAINTNS, #i
ZVE, MT-I RO MT-II D& TR L 7= MT-1/
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A HBMEC Table 1. Comparison of Relative MT mRNA Levels in
HCAEC, HBMEC, HCASMC, HBP and Caco-2 Cells after
MT-IX MT-IIA MT-lil

EETNE T |

» o

Relative MT mRNA level
(Ratio to control)
N

0o 1 10 100 0 1 10 100 O 1 10 100
Cilostazol (uM)

HCASMC
MT-IX MT-lIIA MT-H1

Relative MT mRNA level
(Ratio to control)

0 1 10 100 0 1 10 100 0 1 10 100
Cilostazol (pM)

MT-IX MT-IIA wx | MT-HI

*

0 1 10 10 0 1 10 100 O 1 10 100
Cilostazol (pM)

Relative MT mRNA level
(Ratio to control)
o - N w o

D

Caco-2 cells
MT-IX MT-IIA N 7 ]

k%

=
=

Relative MT mRNA level
(Ratio to control)
o N - » =]

N.D. N.D. N.D. N.D.
o 1 10 100 0 1 10 100 0 1 10 100
Cilostazol (pM)

Fig. 4. MT-IX, MT-IIA and MT-III mRNA Levels in
HBMEC, HCASMC, HBP and Caco-2 Cells Treated with
Cilostazol

Confluent cultures of HBMEC (A), HCASMC (B), HBP (C) and

Caco-2 cells (D) were incubated at 37°C for 6 h in the presence of cilostazol

(1, 10 or 100 uM) . Values are means+S.D. for three samples. *, **Sig-

nificant difference from the corresponding control (*p<{0.05, **p<0.01).

N.D.: not detected.

/vy 27797 IR, AESRE, BILAML
AR ORIEFISIZ ETH L TEEZETH S Z &N
MEINTVS W ELZ ML Z3ERIIBITS%

Exposure to 100 um Cilostazol for 6 h

Relative MT mRNA Level (Ratio to Control)

MT-IX MT-IIA MT-1IT
HCAEC 5.56+2.36 4.7411.46 1.97+1.23
HBMEC 4.18+0.12 4.87+0.74 4.33+0.35
HCASMC 3.57+0.15 2.43+0.17 0.96+0.19
HBP 2.79+0.18 3.66+0.55 1.44+0.04

Caco-2 cells 5.734+2.29 8.08+1.94 N.D.

Confluent cultures of HCAEC, HBMEC, HCASMC, HBP and Caco-2
cells were incubated at 37°C for 6 h in the presence of cilostazol (100 um) .
Values are means+S.D. for three samples. These results were obtained
from Figs. 1 and 4. N.D.: not detected.

< OFEMIRAEICEE S L TH 0, BHIREELIRZE O 5
JE - HERICBWTHBILKLEY Ry 2NV E, &
MBERRT) =T NI EOEENRINTN
5. Fiz, TNSOBEA LA ERBRICRIE K S
HEFRFE(LRAEDORIEICEE TH D EZEZLN TN
%, REFRESETH DN K I UL S EIRELIE
R IMESE 2 ihD &9 5 MEREDEBRATO 1D
EEN, MENEMIIT U TIRR RA 7/l i s &
ZER T AHERICBNT, MT ¥ >NV E
ERETEBREOIORAYY =)V EUHTEH &
IZ& > THCAEC IZBIF 5N K20 L DOMIR M
MBEHEINSZENRVWHEINAE (Fig.3). Lk
D35 T, ALY — )V AN R R i -
A A N NI i O MT B2 8852 &
2L o THRI T AFEHITH U TImEFEER 25
U, BilREE L7 & D IMERE DOERGEICET G5
TREMED R I N, Fi, MTREZ7U—=5 P H)b
WEERZET RV ENS, TRITLET TR
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HRINS.
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