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Fig. 1. Effect of FBS or PDGF on the cellular proliferation of rat vascular

smooth muscle cells.

9
Fig. 2. Inhibitory effects of FTI on rat vascular smooth muscle cell proliferation

with or without stimulation

10
Fig. 3. A representative specimen of the each study group .o 12
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Table 1. Comparison of body weight, intimal area, luminal area, medial area,

IELA, EELA and ratio of intimal to medial area among the each

group 11
Table 2. Comparison of PCNA (+) cell count and labeling index among control,

low-dose, mid-dose and high-dose group 13
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1. platelet derived growth factor (PDGF, 5ng/m¢) A= &2 fetal bovine serum
(FBS) A7} stell da F&d<t AE WS FTI= s=7F S7Hdss Ax 54
Aw7F iz ol nlste] FeofshAl AA 0w ZHAAATH (p<0.05).

2 gz o] 0.35£0.04mr, A& Al Fof o] 0.23+0.04mr, FIF &
& ofAl Fol o] 0.19+0.04mr = FIFHE T kAl Fof o]l i ol Hls| fe
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Farnesyl transferase inhibitor2] ¥ # H&Z
AXSH R AF BsY & ZdoA A=

S A= ¥

Hs® P2 WA AIFH T AH4IFE  (percutaneous transcutaneous
coronaryangioplasty; PTCA)S] &7} Y5 AlE #d 7ol LGy
AL PTCA A& &2H9] 10-50%° ol28 AA&eS BLE = T A
157 APE HFA R g'ne Fes fldhs a9 Ha k'™ PTCA
T AFFRY VIdeg Al 24 2 £54 d¥ JB¥ (constrictive vascular
remodeling) ©] F83% AP r|de=w dHA Utk AHR V1A T AW
e 3 FE2 AEVF T3 TS ste Ao E dEA doH, AFFRS
R AgEA AHER FAY 7IFE ol &% B g Ayt 1Y
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o] &A4sle] Tt farnesyl transferases AISt= ZAFE& <FAIZF WLEA
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d =

Ao A AT Tzt 7H58 LB42908a (Lot No: FT08a-02R1P1, MW 604,

2.

A

LG Chemical, Taejeon, Korea)E AH&-3} AT

22 A X WlF 2 AE F29 24
221 AlXE wj <k

A3 JE2 MET 3F (Rattus norvegius)e] FH tlesHolA 23 NEE
(CRL-1444, American Type Culture Collection, Manassas, VA) A3l A}-8-3}%

% ols AxE @vzoz BEs dB WYT A 547

H
oz

(hill-and-valley)S #2193 ©]5 AEXEL2 10% fetal calf serum (Sigma, St.
Lois, Missouri) ©] *¥3%% DMEM (Dulbecco’s modified Eagle’s medium, Life
Technologies, Grand Island, NY) 8}=] (37C, 5% CO,) oA Hj<&stdtt.

222 AE FHARE 53

FTIl o3t d@ HdZ Az F249 HA=E <7 98l MIT assay
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma)]E Al
&3t ATE. MTT test= Modified fluorometric assayZ MD &A% (Determinant
of cellular mitochondrial dehydronase activity)E 783t WEM L &S 74
ste WHoR o 7HA] FE9 FIZF €3 H&2 A2 F2Hd rAs 9%
< golRaxt stk AP AMES @ HE2 AEs WgE AEE
phosphate buffered saline (PBS)Z il trypsin® & 2|3t dlojd F 96-well
microtiter plated] Hl¥3tQoH, Z+ wellol= 200409 w1 ¢} A oF 3-4 x 10*

Mol MEE widstdo. @S WA ¥al platelet derived growth factor

)

(PDGE)7} §le wigFHeA & F& AEE g & 543 MD E4EE



Nz T2 3t iz F39 HE (% of contro)Z MX F29] =& YR
Aok FTI9) &3E5 AFsH7] 98l =& A &= PBSE 343

bovine serum (FBS, Life Technologies)©.Z A|X F21& A= 3 7, PDGF-BB
(Sigma, 5ng/ml)E A3 F )il PDGFU FBSS 7} glo] kAl Fof 3k
o7 Uy Z7] FTIE 1nM, 10nM, 100nM, TuM, 100M, 100M =
S7HAZIEA w skt 2 welld] vl = 24A17tvt w@E Gl 2 R
6712 wellS wiA3ATH FTIZ g FHH 24A70ve A S wEstHA 72
Az ] 8t al MTT assays Al 3ttt MTIT assay= welloll 2.5mg/m¢ MTT-&
N 10uUAE 7hetR e, 37TCollA 4A12F <t wi st o] W S4 dx T+
2 MATS 7S wellS FREATE 4AZF BHE 7 wellol A <F 150u H =<

F5dE AAZ B, 0.04M HCI 100u6& 2+ wellol]l 7Fste] @38 formazan A
AES §lAA T2 89S AFH3Y micro-ELISA readerE ©]-83F 595m9l]
A BEEE FAAT. 4 sEAAMY AE T4 AxE, oFS 7HsHA ¥ d
Z 779 H& (% of control)Z E AT
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d (BMP file)S A&sta G4 B4 AZE Y (SigmaScan
Pro-4.01, Jandel Co. USA)E ol&sted el Fejshs F45 Alstaieh. & vt
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(lumen area), W¥EE ™A (internal elastic lamina area)d <J&-d

(external elastic lamina area)= 3783t W2 WA (intimal area), T W3

(medial area)® W=t tf F= HIE (I/M ratio)= A48t

235 PCNA WY =Z&3%t3d B

Proliferating cell nuclear antigen (PCNA) #4198 GAS 9t =24 A9 4
7] (231, 232, 233) 4 7= & WS o]&st AF #EE vty 320ty
£ ARSEE § 3dA B AAA AFsAY. =
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Anova testZ slH 1 Zo|7t EA5= o FA AL Y3 Scheffe AAHS A
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31 F# FEZ Mo F2o U3 FTIY a3

&3S AASL PDGF/F Qe vjgdAoa 3 Fz T2 wjks &
43 MD ZHES dx T2z st tix IL#e HE (% of contro)E A% F
219] A=E Yepidh wigdde] FBSE H7MeE Fole 2122+20.6%2, PDGF

|-'J

A\

(5ng/mL)E %73 & 138.848.0% =, PDGFE 10ng/mE 7l g Fol= 1442
HBH0%CE ol EF X ¥ Eo {93 MD €4%9 JI7F &FS BRIt
(Fig. 1, p<0.05). X3t o] A3xE EWE PDGF (5ng/ml) =2 FBS 7} st &

FIIE e=2E 20234 3 & 343t et

]
t}. PDGFY A= 3lolA d3d HEZ MNEES vjd3dHA FTIS 1, 10, 100

nmol/L, 1, 10, 100umol/Le] F=2 20%-7F *Jglstar Aol F 72A17F w3k
7o MD 84x=% AT glo] PDGFE A=53 oz 3} vlastgla 1 23

Z}zy 136.1+7.7, 125.7+6.2, 116.9+7.2, 107.1£7.5, 91.6+9.3, 52.3+3.1%= FTI &

El

=7F F4EFE MD BA4EE 24593 lumol/Le FEFEH UR £ )
o] fodt A E HIY (Fig. 2, p<0.05). L3+ FBS 7} 3slo]l MD ZA =

oFA F o] Qlo] FBSYF H71e iz w3 Hlwstgx I A3 2443+151, 1781+
12.4, 166.1£6.2, 138.8+13.9, 101.1+20.1, 61.7+15%% 10nmol/Le FHE=3E o)

mlm

Z o3 vwsly §93 ZAE BAY (Fig 2, p<0.05). PDGFY FBS9] 7} {1
S WEI Ffolx oAl FoskA @ tx Tl Hlgte FIIs®
of wal 1125477, 951+3.1, 91.3+2.3, 85.2+4.6, 69.4+23, 628+21%=% 10
2t vlwste {3 ZAaE EAY (Fig. 2, p<0.05).
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FBS— (control) FBS+ PDGF-5ng/mL PDGF-10ng/mL

Fig. 1. Effect of FBS or PDGF on the cellular proliferation of rat wvascular
smooth muscle cells. The PDGF-induced growth stimulation or 10% FBS
inoculation on rat vascular smooth muscle cells increased MD activity
significantly (*; p<0.005 between control and PDGF, **; p<0.01 between control

and FBS).



Il FBS(-) & PDGF(-)
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e
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[ 1 FBS(-) & PDGF(+)
B FBS(+) & PDGF(-)

SIS IS
DOXXXXX XX XXX XXX XXX XXX XXXXXXXX

PR XK XX KX KX K KX KX KA XKL
B R
fef0leleloleloleletolelolelelolelolelnleletoledoledeleletelsl

SIS IS
LA O 00 0000000.0.00.00.0.0.0.0.0.0.00.00.00000.069

280 —
240
200
160
120 -

(NOYLINOD 40 %)

ALIAILOV 3SYNOYAAH3A TVIHIAOHOOLIN

100nM 1uM 10uM 100pM

FT1-1nM 10nM

Control

Fig. 2. Inhibitory effects of FII on rat vascular smooth muscle cell proliferation

with or without stimulation. The PDGF-induced growth stimulatory effects on

rat vascular smooth muscle cell proliferation were significantly blocked after

20-minute single incubation in above 1umol/L concentrations (1 to 10pmol/L:

10% FBS-induced growth effects on rat

% p<0.05, 100umol/L: # p<0.01).

vascular smooth muscle cell proliferation were significantly blocked after

Without stimulation, FTI blocked

to 100pmol/L: #; p<0.01).

p<0.05, 1

7

20-minute single incubation in above 10nmol/L concentrations (10 to 100nmol/L:

*.

minute single

proliferation significantly after 20

vascular smooth muscle cell

% p<0.05).

incubation in above 10pumol/L concentrations (10 to 100umol/L:
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Table 1. Comparison of body weight, intimal area, luminal area, medical area,
IELA, EELA and ration of intimal to medical area among the each

group.

BWT
Groups - IA LA MA IELA EELA /MR

pre post

Control(n=9) 3134 292+9  0.35+0.12 0.14+0.05 0.12£0.03 0.48+0.11 0.60+£0.14 3.02+1.03
Low-dose(n=7) 31249 284+11 0.23+0.12 0.11+0.07 0.12+0.03 0.35+0.15 0.47+0.16 2.24+1.43
Mid-dose(n=6)  319+5 270+9 0.19£0.11° 0.21+0.06" 0.1320.02 0.40+0.12 0.53+0.13 1.47+0.75"

High-dose(n=2)" 3158 260+35 0.12+0.08 0.33+0.07 0.15+0.03 0.44+0.13 0.59+0.15 0.82+0.23

n: number of available sample, Control group, only saline administration after balloon injury;
Low—dose group, per oral drug (10mg/kg, bid) administration after balloon injury; Mid-dose group,
per oral drug (50mg/kg, bid) administration after balloon injury; High-dose group, per oral drug
(100mg/kg, bid) administration after balloon injury; BWT, body weight; IA, intimal area; LA,
luminal area; IELA, internal elastic lamina area; EELA, external elastic lamina area ; MA,
medial area; I/MR, ratio of intimal area/medial area; Values are mean=SD; *, p<0.05; control vs
mid-dose; **, p<0.05 control vs mid-dose, low-dose vs mid-dose; # excluded from statistical
analysis.
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322 =4 FHgH £4 23

yetH A gz ol 0.35+0.04mm, A& A Fo] o] 0.23£0.04mn, F3IF
S A B o] 019+0.04mZ A FIHEH oAl Fo] Fo] "z o vl

fFolstAl 22 g HASU (p<0.05) ALF A Fof T= FAAF Zolrt
AATh WH \Fe gz o] 0.14+0.02mf, AL oA Fo] o] 0.11+0.03mr,
FHEE A Fo Fo] 0.21+0.02mEA FHEH oFAl Fof o] AL oFA

Fo 73 gz oo vlE) fosiAl 2 s EAT (Fig. 3, Fig. 4, p<0.05).
T Ay yeE s Wy 9 e dFd s A w3 §93% zjole= ¥
2= &S iz +#o] 3.02+£0.34m, A& kA Fo

>
82
55
o
<
g
i)
koo
=
o

ofAl Fol Fo| 147+031miEA FHEH A Fo

Fig. 3. A representative specimen of each study group. Control(A), low-dose(B)

and mid-dose(C) administration after vascular injury. The neointimal area was
significant decreased in mid-dose(C), then control group(A). (p<0.05, HE stain,
x40)
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323 PCNA W Z2A3td 24 Az
3 A% 39 F AES Uz T oevly, A8 oA Rl T 8vly, 27e o

labelling index)= WF & 7149, A& % oA B & 7349, =78 kA F
g o = ) o [Sat! -
(¢}

o T 54+14, 1§

Al T FAlM tE T3 AL A Fo
2, p<0.05), T3H&F oAl Fof T LE&F oAl Fof & Abolol= ol Aol

ar 5
7F itk TSk &4 3 S #EE F5E FEH oA Fo 7 1§
(p<0.05).

Table 2. Comparison of PCNA (+) cell count and labeling index among control,

low-dose, mid-dose and high-dose group

PCNA (+) cell count Labeling index
Control(n=6) 121+32 719
Low-dose(n=8) 107+21 73+9
Mid-dose(n=8) 80+31° 54+14°
High-dose(n=8) 74+12" 53+9™

Values are expressed mean * SD.

* p<0.05; control or low dose vs mid-dose, ** p<0.05; control or low dose

vs high-dose
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4. 31 Z

£ AFolA farnesyl transferase inhibitorg ©]&3tc] AFAUolA i H&
o Az S99 7 AHe T EF BN T4 EFF AWE S 9

F=3 d8 &4 F AW ¥4 AHome HET Axe] A F4
Wz o) o]F Aol AEolA HHH= Alxe] 71de Bgow deA o
ol du HIFT AE9 T4 Wz oF
ol 243 d o 3 A2l AAdE= PDGFe} &4 w2 T
B2 AEolA AAE= PDGF, basic fibroblast growth factor

L 2AAE BAE &4 0

=
M
0
=

transforming growth factor (TGF), insulin growth factor (IGF)T< & <AA7}k
#d3t angiotensin I, serotonin ¥ endothelin F°] #A3t= oz delA
Pk ggEe sdHo s @ FBI AZ TS JASE A I
&4 F9 AU FAS oA & F ok o)l HES A2E EF3 AR F
2l 2 gl MEU A &3 E ras-proteinse] AJAFQAALA] o gt 9 Fof =}
F5 AEZWE AL wil 98E st AEW protooncogene (c-myb, c-myc,
cfos)e BA3 AA AXTY FAsrt FHEga A Y o

ras-protein®] &/J8}o)| farnesyl transferasedll 3t catalyze7} T 83 &S sl

l

ras-protein A|Z=3 YA EZ (nuclear effect cell) Alolol] AT E ADstes T
8% 9472 12 FAEete Aoz BuFHUY. o] ras-protein®] EAIE e
Aol AT F4 B BFAFES AAd Festtn ALY mEE o9 pe

o] A HEZ ATolx LHAL o] FAE o] &3t HZ ¥

S AS /HF WHo=E  AgsiEe AI=7F QO WAl antisence

ras-protein®] 2§

oligonucleotide technologyE ©]-&3}% farnesyl transferaseol U|gt antisence

oligonucleotideZ F38te] AUut F248 A&t



42 AFAUA FTI8 @& B2 AX T4 dAl A

2 Aol o]&d A= APAANA JNEE farnesyl transferase inhibitor]
dFoz E AFPdA 2 71d WAe A5 AG AATS FHVIEdE A
7h AR ¥ BHET AEXE A=A e Gl B3 Aol

# T Cohen 5| farnesyl transferase inhibitor 2] =& o]&3t A<
7 FBZ AZE olg3te] AZ F2o] W ATE BIFHATY o A7
M= PDGF 22 bFGFE A=¥ DNAFAS A9 sxol wel 7 AR
IF A A= 100umole] FE=Z 29417t A X Fo] DNA 4 =& H7t
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Abstract

The effect of farnesyl transferase inhibitor on the
proliferation of vascular smooth muscle cells and

neointima formation in rat carotid injury model

Yoo, Byung Su
Dept. of Medicine
The Graduate School Yonsei University

(Directed by Professor Yoon Junghan)

Intimal hyperplasia is due mainly to proliferation and migration of smooth
muscle cell (SMC). Activation of SMC results from stimulations of
protooncogenes by growth factors induced by activated ras-protein. Ras-
proteins becames activated after receiving a farnesyl group in a reaction
catalyzed by farnesyl trasferase. We tested the hypothesis that prolonged oral
administration of farnesyl transferase inhibitor (FTI, LB42908a, MW=604, LG
Chemical, Korea), might inhibit the neointimal thickening in rat carotid injury
model.

Cultured aortic vascular SMCs were exposed to sequential concentrations of
FTI in vitro, and proliferation inhibition was analyzed with MTT assay. In rat
carotid injury model, FTI (low-dose; 10mg/kg, bid; mid-dose; 50mg/kg, bid;
high-dose; 100mg/kg, bid) or placebo was administrated orally twice a day

starting from 30minutes before injury until sacrifice for 14days. The
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histo-morphometric analysis for lumen area, intimal area, medial area,
intima-to-medial ratio was performed.

In vitro rat aortic SMC culture study, FII inhibited PDGF or FBS-induced
cellular proliferation in a dose dependently manner. In rat carotid artery
balloon injury model, the mean neointimal area was significantly reduced in
mid-dose group than placebo group or low-dose group (control : 0.35+0.04mr,
low-dose: 0.23+0.04mr’ mid-dose: 0.1910.04mr, p<0.05) and the mean ratio of
neointima to medial area were significantly reduced in mid-dose group than
in placebo group or low dose group (placebo: 3.02+0.34, low-dose: 2.24+0.54
nn’ mid-dose: 1.47+0.31mn’, p<0.05). There was no significant difference in the
mean area of internal elastic lamina, external elastic lamina and mean luminal
area between groups(p>0.05). The labelling index of PCNA was significantly
reduced in mid-dose group than placebo group or low-dose group (control :
7119, low-dose: 739, mid-dose: 54+14, high-dose: 53+9, p<0.05)

FTI inhibits SMC proliferation in a dose dependent manner. Prolonged
14-day oral administration of FTI is effective in reducing the neointimal

hyperplasia in rat carotid balloon injury model.

Key Words : farnesyl transferase inhibitor, neointima, smooth muscle cell
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