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——— Abstract

Background At the first step of cholesterol synthesis,3-hydroxy-3-methylglutaryl-CoA reductase(HMG-CoA reductase)
catalyzes the formation of mevalonate, which is the precusor of isoprenoid moieties that are incorporated into or linked to
several molecules for cell growth and replication, which include Ras, Rho, G proteins and nuclear laminin B.
Lovastatin(mevinolin), as an inhibitor of HMG-CoA reductase, blocks mevalonate synthesis, by which also prevents the
isoprenylation of several proteins such as Ras, display antitumor effect in experimental models. In the present study the
effects of lovastatin on the growth of human gastric carcinoma cell line, AGS cells were examined and the effects of
5-fluorouracil(5-FU) were also studied. Cell cycle analysis was done to examine the mechanisms for the inhibitory effects of
lovastatin. Methods The growth of AGS cells were examined by counting cell number on one and three days treatment
with 0.2umol/L, 0.4umol/L, 0.8umol/L,1.6umol/L, 3. 2umol/L lovastatin, and O.1ug/ml, 0.3ug/ml 5-FU, after plating AGS celis
into 35nm’ plastic dishes at a density of 10%10° cells/dish. The reversibility of the effects of lovastatin was examined on
one day to seven days treatment with 0.8umol/L lovastatin after seeding 10x10* cells/dish. To examine the mechanisms for
the inhibitory effects of lovastatin, cell cycle analysis was done on the cells after four days treatment with 0.8umol/L
lovastatin. Results Lovastatin significantly inhibited the growth of AGS cells in a dose-dependent fashion(p<0.05).
Forty-eight percent inhibition of growth was found at an lovastatin concentration of 0.8umol/L and ninety-three percent
inhibition of growth was found at an lovastatin concentration of 3.2umol/L after 4 days treatment. The inhibitary effect of
lovastatin on the growth of AGS cells was firstly shown at the concentration of 0.4umol/L. The removal of lovastatin by a
media change after 24hours treatment of lovastatin was note different from that of control group, which was not treated by
lovastatin. Lovastatin combined with 5-FU significantly inhibited the growth of AGS cells in a dose-dependent fasion
compared to lovastatin or 5-FU alone(p<0.05), which suggested additive effect of the two drugs. After four days treatment
with 0.8umol/L lovastatin, the fraction of cells in GO-G1 phase, S phase and G2-M phase was 51.5%. 31.5%, 17.0%
respectively in the control group, and 506%. 32.6%, 16.7% in the lovastatin group(0.8umol/L), showing no significant
differences between the two. Conclusions Lovastatin significantly inhibited the growth of AGS cells in a dose-dependent
fashion, The inhibitory effect for lovastatin on the growth of AGS cells was reversible since the growth of AGS cells after
removal of lovastatin by a media change after 24-48hours treatment of lovastatin was note different from that of control
group which was note treated by lovastatin. The reversibility of growth inhibition suggests that lovastatin is not a
non-specific cytotoxin for AGS cells. This is the first report that lovastatin may be very useful for the treatment of gastric
carcinoma, especially in conjunction with 5-FU, because the concentrations(0.2-3 2umol/L) used in our study were within the
ranges of steady-state concentrations(0.15-0.3umol/L) attainable in human serum by chronic administration of maximum
recommended dose(80mg/day) of lovastatin and additive effect of lovastatin and 5-FU. More studies by animal experiments
and clinical trials are needed to establish lovastatin as an anticancer drug for human gastric carcinoma,
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Table 1. Effects of lovastatin on 1 day and 3 days
treatment of AGS cells.

cell number x 10

#mol/L 1 day3 days
0 497x78° 717=06°
0.2 443+12.7° 61776
0.4 27.3£35% 497+74°
038 21.7+75% 320*46°
16 193£21% 197=35%
32 157+25° 150+ 1.0°

a~e

Means with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple
range test.

01 day
B3 days

cell number x 10°
PN

VZ
/;
|
%
%
%
%
%
%

04 08
Lovastatin(py mol/L)

Fig. 1. Effects of lovastatin on 1 day and 3 days
treatment of AGS cells.
*p < 0.05 vs. control
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447 AX 5 2AHE Z2HME LS FFS
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mol/L& H7FF FelMxE o MEarr ZH (b7*
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Table 2. Effects of lovastatin on 2 days and 4 days
treatment of AGS cells.
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Table 3. Reversibility of the effects of lovastatin(0.8 #2mol/L)
on the growth of AGS cells.

cell number x 10°
umol/L 2 days 4 days

0 57.7+2.1° 98.3+76°
0.2 457125 80.7+2.1°
04 37.3+1.2% 66.7+2.5°
08 283+15" 480+ 26°
16 240+1.0" 39.0£1.0°
32 203+15" 336+1.28

™ Means with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple range
test.

12 012 days |
S 10 ¢
X 8 F
o
Q 6 f
E
c 4
° L
o2
0

0.4

Lovastatin(y mol/L)

0.8 16 3.2

Fig 2. Effects of lovastatin on 2 days and 4 days
treatment of AGS cells. *p < 0.05 vs. control

2. Lovastatin® AGS M¥ ZA94 339 7194

lovastatin®] S A 2Hg0] tdAds Bz 3
A H A, lovastatin B7FEol A lovastating A A3
2 1939 AE $E (250146)x10° 24 iz
AZ F (44£9x10" Bk R A QA Hp<0.05), Al
AL 3 5 74989 AE St lovastatin H7FolA
= 77 (45 7+183)x10 (96.7i9.5)X10, 1047+
2x10°4 T gEFeME (57.3+42)x10°, (111.7+
6.1)x10°, (115.0i10.4)x10 o 2A FFEAteldl & A
0] Wo]x| ektH(Table 3 2 Fig. 3).
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Cell number x 10°
(Oday 1ldays 3days Sdays Tdays
Control 183106  47X91° F3+42  117+61* 1150+104
24" 13 19 10
Lovastatin ~ 133+12  50+46' £7+18F %7495 1047217
removed 19 18 15 11

" lovastatin treatment for 24 hours followed by replacement

with lovastatin-free medium.

** Means with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple
range test.

b growth ratio

150

24hr

=
P=1

I3
=)

cell number(10 )

—o—control

----- 0 8umol/L

days

Fig 3. Reversibility of effects of lovastatin(0.8 22 mol/L)
on the growth of AGS cells. Open circles; control
group, closed squares; lovastain treatment for 24 h
followed by replacement with lovastatin-free medium.
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o
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Table 4. Reversibility of the effects of lovastatin(0.8 z
mol/L) on the growth of AGS cells

Cell number x 10°

Oday 1days 3days Sdays 7days

/028 YTH2T 100011390 1770487
18" 18 19 11
Lovastatn ~ 123#06' 20+14 670+30% 136312 1450+69°
removed 18 30 20 11

Control %3+15

* lovastatin treatment for 48 hours followed by replacement
with lovastatin-free medium.
> Means with the different letters in the same column are
significantly  different(p<0.05) by Duncan's multiple
range test.
D growth ratio

200

5

00

cell nu@per(loﬂ

50 1 ~=—control
« 0 8y mol/L

0 s I JE—

0 1 3 5 7
days

Fig 4. Reversibility of effects of lovastatin(0.8 22 mol/L)
on the growth of AGS cells. Open circles; control
group, closed squares; lovastain treatment for 48 h
followed by replacement with lovastatin-free medium.

3. Lovastatin® 5-FU7} AGS AlX9] F2of 1]
A A3FE

ok 447 9] tlzFe] AGS AX $E (126+74)x10°

2

S, 5-FUE 01 pg/mlE H713 9 AGS AX
= (B129)x10°g2™, lovastatin 0.1 ;zmol/L%
A7k 79 AT FE (113287)x10'24 37 =
NEFRY FostAl Alxe F2lo ‘-’174]5]2312“4,
ojgid 7L Urir] ynal g4 FaME o
FREAAAM dzdte vlete 2F FosiAl AE
o] F4lo] A HJHp<0.06). 21 5-FU 0.1 4
g/miAd7tEe AGS HME FE (B29)x10%1Ux
lovastatin 0.2 gmol/LH7}2e AX 4= (93=
1.0x10'84 5-FU 01 pg/ml#t lovastatin 02 4
mol/LY 2 JA &FHrF 83 Y
(Table 5).
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Table 5. Effects of lovastatin{ #mol/L) and/or 5-fluorouracil
(pg/ml) on 4 days treatment of AGS cells.

cell number x10* inhibition rate””

Control 1261747

5-FU 0.1 %29 246
5-FU 03 84+ 1.0° 33
Lova 0.1 113+87 103
Lova 02 93=10™ %62
5-FU 01 + Lova 0. 89=45" 29.4
5-FU 03 + Lova 0.1 7153 437
5-FU 03 + Lova 02 5965 53.2

T Means with the different letters are significantly
different(p<0 05) by Duncan's multiple range test.
n growth ratio

a3 5-FU9 2494 28] u]A]= lovastatin
o] ¢3S AHEW 5-FU 01 pxg/mls} lovastatin
01 pgmol/LE Zo| H713 #2 AGS AE = (89
—45)x10'2. 24 5FU 01 pg/miee HA7hak F9
(%B-29x10°H 2 zto]7h 1Yo, lovastatin 0.1
pmol/LE @5 H7FEe (113=87)x10%) HlsteE
MEZ 7 A8 HAYHp<0.05). °)ZH lovastatin
01 pgmol/Le #H7F= 5-FU 01 wg/meE3rto
o3 AGS Mo digt FAgAaTe] F JTe
v x}z] HEetg o lovastatin 0.1 gmol/Le] =A<
A &= 5-FU 01 pg/mle] H7P7F 443t 93
S UL 4+ AJAHFig. 5).
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FO.18L0.1

Fig 5. Effects of lovastatin{ zmol/L.) and/or 5-FU(z
g/ml) on 4 days treatment of AGS cells. * p < 0.05

F: treatment with 5-FU

L: treatment with lovastatin

F & L: treatment with 5-FU & lovastatin

&3H 5-FU 0.3 pg/ml¥} lovastatin 0.1 gmol/Le
WadslZe HE $E (71153)x10°2A4 5-FU 03
pg/mlire HA7HE 79 (8411.0)x10%e1U lovastatin
01 pmol/LYE H7HEel (113£87)x10%) Hl3hed
AX 71 FYstA HAHp<0.05)(Fig. 6). 11
olg]gt AL lovastatin® FE=EF ¥ 5-FU 03
pg/ml7 lovastatin 0.2 gmol/LE & FHIILS
wo] o E=@s AM 2 HE F7F (59+65x10" 0.8
A, 5-FU 03 pg/ml @53A7M9 AX & 34+
1.0)x10"Y lovastatin 0.2 gmol/L ©S37F2el (93
T10x10° 2o @AsA 2L B A
(p<0.05)(Fig. 7).

£

2
T

Cell number x 10°

Fig 6. Effects of lovastatin( #mol/L) and/or 5-FU(p
g/ml) on 4 days treatment of AGS cells. * p < 0.05

F: treatment with 5-FU

L: treatment with lovastatin

F & L: treatment with 5-FU & lovastatin

st o5y st A173 AlE, 2002

Cell number x 10°

F0.3 L0.2 F0.38L0.2

Fig 7. Effects of lovastatin{ zmol/L) and/or 5-FU(pu
g/ml) on 4 days treatment of AGS cells. * p < 0.05

F: treatment with 5-FU

L: treatment with lovastatin

F & L: treatment with 5-FU & lovastatin

a8 5-FU 0.1 pg/3 lovastatin 0.1 gmol/LS
He e FolAdE di&Tel vlsiA 204%9] F
AAAES B, 5-FU 01 pg/ml @5 A7
lovastatin 0.1 pmol/L @E5A7}FE FAJAES
et &(246+103=349%)% FAME FEE YEEL
2, F FEo] A7tEES 7 JS-E AAEsTh
ol8]g 3L 5-FU 03 pgmol/L¥} lovastatin 0.1
pmol/Le] HE& H7HToA dizTe] Hl3 43.7%9]
ZFANAAESL B9, 5-FU 03 pg/ml @5 H7+a3
lovastatin 0.1 gmol/L @= H7t#9 FAJAES
e $(33.3+103-436%)% FAHE AEE JeRd
AR 5-FU 03 pg/3 lovastatin 0.2 zmol/L2]
B8 HrlolA 2T vlsiA 532%2] T4 A
£$ B9, 5FU 03 pg/ml ©% H71H lovastatin
01 gmol/L @5 Hrkre FAAALES T &
(33.3+26.2=595%) % #FAte A=E Uehd dH oA
= dS FAsA meigez iy 5 kg AV

o 7hsd€ B FAHFig. 8)
4. Flow cytometryS °| 8@ AxF7] &4

lovastatin 0.8 pmol/LE Z7Het wiAdA 4Lz
kA7) 7 lovastating HASIAIZ D wiFAZ
gz ALHAEE o] 83std AEF7] FAE 8
=g, Uz A4S aga AEFHo]l Yz
56%= AAFYY lovastatin 0.8 pmol/LS FH7Hs
o)A 4Y Aol MESANM FHE HEFIEH
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—F0 3L0 2

Cell number{% control)

F L F+L F&L

Fig 8. Effects of lovastatin(mol/L) and/or 5-FU(g/ml)
on 4 days treatment of AGS cells suggesting additive
effect of the two.

Az dx2d9 A G0-G17171 515%, S71= 31.5%,
G2-M7|& 17.0%3 1, lovastatin 04 gmol/L HE7M
A= GO-G1717F 206%, S71& 326%, G2-M71=
16.7% 24 G Atolol) & Afol7} U tH Table 6).

Table 6. Effects of lovastatin on cell cycle distribution
in AGS cells after 4 days of incubation at 37C

S ol L) % of cells
ampiet #mo G0/G1 S G2/M
Control 515 315 17.0
Lovastatin(0.8) 506 326 16.7
&

Ao ofsiM ¢FBoz B4 %451
= lovastatin® e AXHEA dFEE
cholesterol & 2F& 282 hollA dgifd °]—r°1
2™, 80%0lde] BFoz wjAdgad, &% d3] 20~

gl T 1589 TR E35ty, AAdA H
gl AR mg/A)eg2 A7l BL&3 do =g
F U 8% F5E 015~030pxmol/LE &&HA 2
E}_?,ZO,ZU

2 dFNA lovastating F93 FollA tjFzTol
Hlstel AGS M9 F2lo] {Fo3tA A=A oH
(p<0.05), ol8dt AT} lovastatin®] &=o] 04
pgmol/LY wiRE A5 TR 32 gmol/L7HA
FEE AR FTVMAHE dd 2 FAYAA

Hx FEo vlHES B FU3, olzd HFS
lovastating 713 & 1, 3¢ 2 2 492 $xE &
gste] FAAEE ALY S dod: TYstA &
ZE . B dFolA #Ed ol AxE A
¥ fqB¥s e 259 i xshr|gdl o9
A} lovastatin®] ‘?‘]Cx’:]{k“‘—oﬂ g FAAA A5 T}
A3 ASE Hx2 AP W3l sezA Y
3kz19] x| 7o) lovastatmO] &34 24 F 5 Q)

T s S AEs AAskgTh
geol 71 Fad AMRe AAAALAEL®
AAWZLAEZYe] A E dHAEE AP
lovastatin® ¥=7} 27y 6~20 gmol/L 2 10~30
gmol/LZAM B Ao HEH Jovastatin® FE
(02~32 pmol/L)EY X ¢ H4W AF(s &
g, & A7 HE¥ lovastatin® F=(02~32 g
mol/L)E AR %o} ““J’“moﬂ*i Ad, AA
A Hd AF2E0 mg/¥)eE 298 F UeE ¥
3 $E(0.15~030 pmol/L)EAM Y} A9 Ao
ZH AA YAt =4 Jovastatine] AH F
o 2 F JSE YEAY =3 o] AIAEA
lovastatinl] tigt GA|Ee} Aol e FF
g2 g 4 s Ax ¢ Aq
B AT A Jovastating H7Fe FollA Jovastatin
S AASIFYS "o 22y 2 FAATN 2 A
SO.2Z4 lovastatin®] AGSHZd v|X&= F

AA zHgo] NFAUS B FAE=d, ol wE
A ZAA lovastatin®] F=7F 2~10 gmol/Le] A
FroE JtEAdoId ey 50 gmol/LAEY

=

sk
of| A= H]7]—0ﬂ;<401041:}# Bl AEsigo sy
Sumi® " HAFLALAAN 6 pmol/LAES o
A 24Nt i% MRS W 7tEAdollew 48
A =E3AZR S We }Oﬁ*é‘}it}i B aatged,

= AT E 24A17k0l Y 48A1ZF BT JrE Aol
o o]l B dAFoMel ovastatinsE7}  Sumi
qu BIoM B ¢ v wEoz AZEe
o, 2 AFoMe Zo] ¥ FxoA Jovastating
48A1ZF 2k AYPH WAz oM ASo =
B A7 ZAAHZE FAGA L Ao G A
£ ¥

B AFA 5-FUS lovastatin® #HE€ Fo=
AGSAIE 9] Hz}g AR o2 A= A% M
Aol oletd BrhEge AAWFGALAM ] A
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FWeq He Lzgow, 1 Bu¥ANE 5-FU

lovastatin® =7} 224 20~75 pg/ml 2 5~30
pmol/LEA B dFde] 1~3 pg/ml 2 02~32
pmol/LEY &AA3] HFOZH  Aolzt UUrh

lovastatine] 919t} a4 gA= M a7 FL

5-FUS oj8ld AZMARS Hols AL HAZ ¢
AA F 72 eSS ¥WE AgdoZH 5-FUY
gorxa s =AML £ de TS AAEAL
o et B AT FHLH lovastating §=(0.2~

3.2 pmol/L)7} QA A Hh A7HE0 mg/%l)ii
=298 £ 9 83 FE(0.15~030 gmol/L)EH
o A9 UxFL 7 dof] FEAFH JAAT
A dadellAe A HES A= E T
O3 AZEn, £ simbastatins> lovastatin
B}t o #Hgol 3 fAAY AEE AET + Y

o

2~

i
O]

o)

¥

S Aoz A7ZtEIH
o]2} gt lovastatin®] A Eol| g F24 A28 9
71L& dulA 02 mevalonate FA-S JATZH

isoprenoid #A9 AAE opIANFIR, o whEbA

isoprenoid(farmesyl) 9 2@ o224 FAJ3H = Ras

gale] 242 Asjale Aolda dHA AR
Ras @¥l-e xggtﬂ—ﬁ_j 23 16]3;} 1\1-1:,]]0] H]thﬂ

] propeptide(Pro-Ras) B e} E  AAFH o)A C-terminus

P FH2dE ¥ T AEQY

F 3 7 ]74

p 6.4

7 1 farmesylS H]
3! 4=4] (hydrophobicity)
|
g.? o 474"°1W
2 OH hige
3-hydroxy-3-methylglutaryl-
farmesyl ¥ ©]2 Ras ©o] &
farnesyl transferase(FTase)E non, wahA
olgidt BAE A= °k%'é HRI(HMG-CoA
reductase inhibitors™® v} FTI(farnesyl transferase
inhibitors®'= 2% #4282 U ¥ 5 gt
a2lx o]#]3t Ras @99l #go| AMEAsdL
AA z7ld) FAgsle AEZF7I7F GO-Gl71eA
$712 APsteEd Fo3 4TS 3 2EM, Ras
gule] =4S A3t lovastatine]l A EXF7]7F
GO-G171914 S712 Agste 2e Hedes 270
aeid gtk B dfoME AEFrI ¥IE =
AVEFA AR lovastatin 7V tiET Abeld 2
Aol7k Auen, ol e Bns"Po Axees

o M

2 XE mevalonate
2

IO

AA7)E d98S s

/\

ANE o]

S
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AolgtR e, olgld ojF2ZAE B AT ALH
lovastating®] B =7t B2 BaSPo) nlsjA gt
o Zo] 3 YA = YL A o7 *§7—}5121E}

28 Dricus®e o4 A
AP A lovastatin®] 3 zmol/Le] l"‘Eoﬂ/ﬁ IGF

FgAe] AETdere $HG AaA|FozN ML
Z4& AAFS #2383, mevalonateE: A A
Y= farmesyl protein® 3dh4<! dolichyl phosphate
gAQo) AAROZN IGF-157849 843 F2

3k N-glycosylationo] Ao} Axx o2 IGF-15F

Ao Zgo] oHu AXFHE AAE 5 U=
Aoz Bt olyd AHR wFol £ o
lovastatin®] Z4718L& 1 Fxo we oE 7tF
Aol om, doz ol WA o 2 A7t
223 Aoz AztHAUh
4&

Lovastatin®] 359 vldlstd X taxe =
Ag JAsAx, 1 FAGA EFHAI 7G40

g &l lovastatin®] AGSAH X tisiA B]Eo]<Q
NEEo] olyx AT 24 71He 713 24U
g & Jth B Aol AHEH lovastatin® =
(02~32 pmoV/L)= AANAM Hdl EZFHE0 me/
ez =g F Qe ¥H ¥=015~030 «
mol/L)ESIS A9 dxgoezN A LAt A
g lovastatino] f&3HA 2o A 5 A& 7
S =83 AAyeach 283 lovastatind 719 &
GAQ 5-FUE ¥4 Fo8t9S A% lovastatinel
5-FU &% Fo7d Hste dA% FAA4E ERA
on ¥xo nldse Artanst U A
o2 B AFAM Lo R lovastatin®] T
FUQ} 2ol 9ol AFEAZA *}%5' T
_‘53_01 _ngd_o_t;], olog EU /\1-@ ol
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