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AL o] 47zt T4 AZF719] AL Tt o] FolZth A EZF7]= A8 71A
QRS 9 2o Hed olF AEF7] 28 @A cyclind cyclin-dependent
kinase (Cdk)9] EFA = AEF7]9 FP& %{16} Cdk inhibitor (CKI)E ©] &34
o Agsto] 28 A= &S st} A F< /‘1L olggt =4 #-go] ¥
< 943 A= Az FFo] dojuA Hrh

Lovastatin 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase®] 23}
22X 2AEF ASAZ NER ALY AZF7 BA L AEGF A
dod|l= 2ol &R HId = Fday T 318 AP A ZA 9 o] tfF
5 1 g1t} Lovastatino] M| EF 7)o ZL-3t= FQ 7]4AL G1-S7] Agol| F = Z43
= CKIS! p213} p27¢ #5319 CdkE 9Alst 2 A3 Gl17] AR 9 A EAAZ
AAE dodle Aoz dyA L o o] f g 2-&-2 o8 742 A ZFol A A7}
HAou AlzFr] 24 @A ?ﬂl’ﬂﬂ Oy Wgle] ol oAM= AlEF9
TH wel Ao ol & KAl vl Jloh. S H ol & lovastatino] A Z 7] A
Bk ol AZAME S dod]e &0l e Aoz BHuH gt #Hetel gloA]
+ lovastatino] A Z/J7Fol| v X = GaFo] thet AF7F F Ao FA A Q 2H§-o]
71 i s Ao dEA JA Gtk AFAE HY Al X5 A549, NCI-H23 ¥
Calu-39l| A lovastatin 2] 2] &o] M EF7] & A 52| oFde] Hils AAst NEF
7] 24 o g By WeE A oH, AZAIE ek AP st o3
2o AE AT

1. Lovastatin 21 2] & A-549 2! NCI-H23 A| ZFo| A A ZALS Fuk3k dej 2 W3}
VeSO, Calu-3 HIZFo A= Habrt m ksl

2. FAIZEA S A3 A AEFAA AHEEC] lovastatin (1, 3 M) A2 Ald<
GYM7]¢] =712 Y1 1FE9 lovastatin (10, 30 «M) 22 Ao+ ¢ A3 Gl17]
o] F747F YEbstTh

3. p539] fFol BAIGle] p21& AAF FRof ofg Gl Ao Wy FUIE Yoy
p27& frold #Melrt giith Cdkee g o] A Ql #Mele ¢l3lo L) kinase assay
A7 54 FAETF AU Cdk2/p27 EFA 7F @A 3] Frhetd oH, Cdke/p2l =
Y F7HE B

4. Cyclin B1& AHA} Ao o3 &+d 7+A7) 99T Cde2s whl F o] ok el w3}

= o) kinase assayd &4 AT AT Vel

5. 4 A|EF A DNA fragmentation®] }E}FEIL NCI-H23 A 7} & A o
NCI-H239| A} p219] ™3} Western blot A} 15 kDa H-$]o] p212] Aol 2|3 band7}
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ool Aol A lovastatin® sk ALFAH ALY oA L ATAE Do
T, oluh AEAS] @AL p219] AW g0l o % ATAE] HARE Ao Ueh
woh A2 AAE BAT GL7) A sk FThH 0 2 vlekeG27] B 2 olo] 4
se AXF7) 23 vudel 39 s B2 & AU 53 17l FANEL
p539] #Fo BA §lo] lovastatino] CKIE fE3HE 2hg0] 43 /1002 ehg
3 olu) p21& AAF F7ko) SIF e de] G F7h7 Aok p27e A9 %
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He

o] 4F& e AXF79 Ago] Badly o= oy 714 & =
e gl A S diM 2do] Hul AN AEE oHd 2d dAS
IS Zhgel 93] AU TS AXAAE g 28 759 ooz
A3 Fao] dojuA "ok AEF79 AgL AEF7] 228 di A< cyclin}
cyclin-dependent kinase (Cdk)e] B3| o 2lsir Z7o] ®rh'™ Cyclin/Cdk £ A& retino-
blastoma @A (pRb)T} 22 7|A-& AAEA 7] Q14kstE pRbe HAFJIAQ]D E2Fs}e]
daeg Bt AXF79 I8, 53] G171 53 FFd gloiM Tad ddg 3
o} Cyclin®} Cdk= &8 7FA17F &3 A Q=4 cyclin D/Cdk4 2 cyclin D/Cdk6 £33 =
G171 9] 3o glojA, L2 cyclin E/Cdk2 E-FA = Gl7|d A S7129] A& s
o AEF7)9 AYL FE3k, cyclin B/Cde2 EFA = G2-M7|E IPA 7| & Z&o] ¢l
o7 214kt E pRbE E2FE oAlste] $% A ARRA Y 7)5E FhY

Cyclin/Cdk= theFg 7ol 95l 2do] HH, o]y g A2 HJEFV] JP& 5
Ast=d Sa3 9 3tk o]Hd 2E y|H = cyclin BHA A 9] FAolu £
2 B3 AHZAQ zHo] 91, cyclin/Cdk B34S #4335l cyclin activating kinase
(CAK)9| 9]3t =7 Z&% glor ™ w3l Cdke F4-< A5t Cdk inhibitor (CKD)S
oste] z2AE 7| e Foh?

Hiofr o =

l‘-?L o> HJ[O

wozo

-
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272 2 ZA JHth CIPKIPA = EFA S o] F cyclin/Cdk
E CKIZA] p219"™A ;7" Zo) 931, INKA|E Cdke} 2
Fato] cyclinzte] HFA F4L Fase 48L& del, p15™ T, ple "t Fol LA 9l
o2 213} p27e MEF7]) 2 Yo A FE-E YEhlE, F2 Cdk2-6& oA
e 7152 7FATHY p21.2 DNA &4 Aol p33el QA =5, w3 p33atsE T3
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stAl @4 23, TGF- 8, lovastatin 5ol A 458 $5 9= Aoz A oh'”
p27% p213 GAFSHAl TGE- B, lovastatin S 93] =% Aoz Bug uf gy

Lovastatin® Z#|2HE Aol QA rate-limiting enzyme?! 3-hydroxy-3-methylglu-
taryl-coenzyme A (HMG-CoA) reductase®] Z3} §AZA o Fo= LA EF A EAZE /g
" oA MEAAE AAET D AZFVAA GI7] AAE dodle ZH&ol dHA Al
EFVE §718E o ol &HI JoH, FEA EE S HAZA L ThsAdel A E
o] 9&d Ax7t AFE 1 QP Lovastatino] A EF7)o] Z&stE Fa 7]HS CKI2l
p217} p278 $E3He CdkE AE T 1 2 Gl17] AE oa]L Aoz FHAT 9
o a2y A ZE9 e AE FHAY thag Apolvt 9l Ao RuHY
JeH BE FAAZAME p21 E p279 F7He B S} HeLa Al XA € p27¢]
7her el A A AZFAA S p219o] 28 ke o p279 Wgle gle A
2 BaE Y gurok M EF YA E lovastatino] G17] AAE doAA T p21 &
p27 T F ol Wy Wl p53e] 5l web thFstH, CKI el of Ao waluth
£ Cdketel Aol 7 2 o2 AF FaI5AAE F711 RAew BHusty w0
HL-60 Al ZFoAE o8 7k Cdk 3 cycnnq AAA FH Pt vebd b glok?

Lovastatin® o] &) AMZoNA MZALS 4ESA T p21e ATF7|9] FAT Yog]3 7
BAHo7 MIEAE (apoptosis)e fF 71%°] gl ZeE dEA U7 "WEl
lovastatino] A ZALE do7]& 71H 717F g gloy o 7hA a91o s {EF
p21& caspaseo] &Jsto] ko] Hof 1fo] 75 E FAHIL 2= AEAMEC] fET
N2& Bugel HIq YAk
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g3te FAAHA 1Al ATAE B3 AFE A gEA JdA o

2 dAte dHY AEFAA lovastatin A 2] F] A28 g FAAES A ¥t E

Zoto] AEF7] B AEG vAs 9F 2 A8 71dE A 530l Ak
A Ao 2= lovastatin A ] Fof] HY AETF] FefHQ Wt B MEF7|e] Wl A
A ZF719] Wgte olo|A & MZALY] fF & AZAFE S S BF3LIL, o2 7R
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1. M Hf¥

Abeh H A9 M EZFQ A549, NCI-H23 2 Calu-3 A ZFE 2 A ZFLYA &)
o st A dAFL, AE, F)lA FYste] 10% FEfotE F 3 AT A
(Gibco BRL, Gaithersburg, MD, U.S.A.)S 3¢+ RPMI-1640 (Gibco BRL) ujj %kel-8- o] &5}
o 37°C 5% CO9l 274 dtel A vjFstgieh. wiFel e mf) 3deiet w3t YL, AE7L &
A 7F =™ trypsin/ethylene diamine tetraacetic acid (EDTA)S Al-835le] F7|4 o2 &3
stk
2. M2 MZF0 lovastatin®| X{Z|

v oF 3l A Z o) lovastatin (Merch, Sharp and Dohme, Rathway, NJ, US.A)S FEHE = 1,
3, 10, 30 uME A3} 48417 Fofl, AIZHEEE 10 xME A FFI 12, 24, 36, 484 7
ot Ve FeF ¥ 32 L AXF] BHLS 9T AT LS AE TEoA
Western blot, Northern blot, kinase assay %! co-immunoprecipitation 52 H¥ 52 $3h3tH )

H&

|

3. Mzo| HEfY gt

r

o lovastatin 1, 3, 10, 30 xME 2] & A|Zto] w2 Fefd W3} 9 A EALS]
ARE Q3 dnF ez BESHGT

4 ME HES 53

Z+ AEFE 5x10° cells/well & 6 well platee] £ Z lovastatin 1, 3, 10, 30 M-S ]
koL v o3t} 48A)7F 3o phosphate-buffered saline®. 2 A # 3}l trypsin® 2 2] 23l

AZE woldl & F3Fe] 04% trypan blue A0 2 JME T 108 Fo] FAF7E A

T AZTE FHSAT 2 PHoE AT AEsE 238 o SASAT
5. MEZZ7| 2N

AZE 433519 2x10°02 HES5FE 23 F cycle TEST "PLUS DNA Reagent kit
(Becton Dickinson Biosciences, San Jose, CA, USA)E o] &35l M IZTE A3}

M DNA cell cycle A]2F A (trypsin 77 mg, citrate buffer 250 mD)E A2 A 1027F A
2] 3l & DNA cell cycle A|¢F B (trypsin inhibitor 125 mg, RNase 25 mg, citrate buffer 250 ml)
2 A ALdi] 1087F v-S-A|Z T rEX 2o 2 DNA cell cycle A]2F C (propidium iodide
125 mg, spermine tetrahydrochloride 290 mg, citrate buffer 250 m)S Y11 WA Ao A
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oA & FACScan (fluorescence-activated cell sorter, Becton Dickinson Biosciences) 2. &

skl T,

6. Western blot £44

G
1 fr
o &Y

MEZE 433 thg EBC buffer [(40 mM Tris-HCI pH 8.0, 120 mM NaCl, 0.5% NP-40, 2
pg/ml leupeptin, 100 zg/ml phenylmethylsulfonyl fluoride (PMSF)|S 7}&te] Al E-&a A2 gt
S 10~125%9] polyacrylamide gelS Al&3t] A7|9% @ A o|(transfer) & anti-cyclin
A, anti-cyclin E, anti-cyclin Bl @& & 3}, anti-cyclin D, anti-Cdk2, anti-Cdk4 T2 3
(Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A) % anti-p21 2 anti-p27 HFE 3+
(Transduction Laboratories, Lexington, KY, US.A)) 59 1z} A2 2] s}taL peroxidase”}
conjugation¥ sheep anti-mouse IgGl} donkey anti-rabbit antibodyZ 23} A €& =

enhanced chemilluminescenceS A| & 5} $ o}
7. Northern blot &4

v ok A £ £ lysis buffer [4 M guanidine thiocyanate, 25 mM sodium citrate (pH 7.0), 0.5%
sodium N-lauroylsarcosinate, 0.1 M 2-mercaptoethanol] 2 2] & 2 M sodium acetate (pH 4.0)
9} 2] water-saturated phenol, 0.28] £ 22] chloroform-isoamyl alcohol mixture (49 : 1)E
7Fsled &= RNAE EF3H T o 7)o 2-propanol® )3t AAEZ F RNA pelletS
dicthyl pyrocabonate (DEPC)Z Az ¥ FF 5 =tk 10 g F RNAE formaldehyde”}
X3 1% agarose gelS AF2-31a] 80 voltZ 2A17F A 7]%9F & Nytran membrane . 2 27|
1 auto-UV-cross linkerE ©]23}4 cross linkingg 3}¥TH ¥4 A}(probe)= human full
length cyclin B1, p21 2 p27¢] ¢cDNAE templatedts] “PE E X% dCTPE ©] %3] A random
hexamer formation W' o2 $A3l¥TE Nytran membrane] hybridization buffer (5%
Denhardt’s solution, 200 zg/ml salmon sperm DNA, 5X SSPE, 0.5% SDS)E %2 & 68°CY
A 2~4A17F A 2 F (prehybridization) S 43§+ & probeS H 7} 68°Coll A 24417 Fot
2 F(hybridization) A1Zth. 20| 2% membrane 28] o] SSC, 0.1% SDSE A0 & AL
oA A 5EZE A A A T 68°Coll A 0.2u] EFe] SC, 0.1% SDS7F X3 ¥ &Ho =z 208
b A sk ¥ Sold FAR ] AjE A AT o] & AFRAIZ T —T70°Col A 2~3
UE ATPEAZI 2 S TSt

8. Kinase assay

AEE 3 & dlgd AT L& AS 2571 protein-A sepharose (Sigma Diagnostics, St.
Louis, MO, USA)E 713t AED & A=) anti-Cdk2 antibody (Santa Cruz Biote-
chnology, Santa Cruz, CA, U.S.A) T== anti-Cdc2 antibody (Santa Cruz Biotechnology)E ¥ 11

_6_



4°C0ﬂ A 1A 7F &< W8 A1 Zl T} Kinase buffer (Tris pH 7.4 25 mM, MgCl, 100 mM)E =4
3 3 pelleto] 0.5 x19] 10 x«Ci/ml 7-"P dATPS} 5 g9 histone HI-S 23 37°Co| A 30%
b ¥EE-Al71 2 26 ZFe] SDS sample bufferE Wol Z 4ol F3Ath o] F 95°ColA] 587 #
o] 3L 10% SDS/polyacrylamide gel2 A 7|95 & A7lHAZ|E2H S A5 H T

9. DNA fragmentaion &4

ANEE 5% T Azgsde 1t QAR & Ab=ld)| phenol, chloroform, isamyl
alcohol (£%HH]€ 50 : 49 : 1, Gibco BR )% Gy JARZE Yt A= Ao ethanolT}
3 M sodium acetateS 4931 FAEZ Z pelletd] TE buffer (10 mM Tris pH 8.0, 1 mM
EDTA pH 8.0)Z 7}5}le] = o] RNase (10 mg/ pl) & 20 plo] F/H5E 7135 DNASE =

ol & 1.2% agarose gel2 A 7|9 E3}1 UV illuminator2 #2314t}

m[o
ru[n
i
>,

10. Co-immunoprecipitation

Z+ N EF N EL AL w5 protein-A sepharoseE 7}51e] 4°CollA] 3087 EE9]
E T 4000 g4 SR A4 Beste] 42w AT A7l 1 gl SA antiCdk2
antibody (Santa Cruz Biotechnology)E Y1 4°CollA] 147+ &< HES-A|Zl & protein-A
sepharoseS THA] a1 4°CollA] 1A]7F B¢ 5o FATh o] & 4,000 goll A 527+ 94
g5t A= AG A AL pelleto] x}71E EBC buffer® 43] whE3le] 4] & A=

&3] AASATE o7l FF2] SDS sample buffers ‘%‘- Z A AR 5 A
M-S 12.5% SDS/polyacrylamide gel2 A7|F%F = Ao] & anti-p21 L anti-p27 FA| = 1
}A) 2 0]&3}e] Western blot& 43y 5} t}.

l
ol

2 ol e Hz

oot

1. SAXH =4

o

Lovasain A2 ¥ A% AZsE WF-EEUAR BASAL 2 T WwE
one-way ANOVAE A&t th BA TZI1WL SPSS for Windows (SPSS Inc., Chicago,
IL, US.A) version 7.5 A}&3a%th p zkol 005K T e ALd §940] e AR
a9t

L Mzo| HElH Bis}

Z} HoF A|EF9 lovastatin 10 pMES 225} 48417 To Fed W= AZs A
A549el M= MEZF7F s td el Aste] 3oy B T EHE dY
b ol uepdth, AEetel BT AapA Han ATE/7E 2oIHLw, AEE AT B
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Fig. 1. Morphologic changes of A549 by lovastatin treatment. Photographs were taken before (A)
and at 48 h after 10 M lovastatin treatment (B) with a phase-contrast microscope at a magnifi-
cation of x100. The cells decrease in number and appear polymorphic with elongated, rounded
forms and some debris.

Fig. 2. Morphologic changes of NCI-H23 by lovastatin treatment. Photographs were taken before
(A) and at 48 h after 10 xM lovastatin treatment (B) with a phase-contrast microscope at a magni-
fication of < 100. The cells show the most remarkable reduction in number and morphologic
changes in three cell lines.



Fig. 3. Morphologic changes of Calu-3 by lovastatin treatment. Photographs taken before (A) and
at 48 h after 10 M lovastatin treatment (B) with a phase-contrast microscope at a magnification
of <100 show huge and bizarre appearance basically and reveal no significant morphologic changes.

o] 253 B2 Y rhFig. 1). NCLH239 A A X571 714 @A A Zastdn 4 Al
= tggel A% 48 B 45Ee AX 59 vEET 3AHA e A #2E
7 YATHFig. 2). 22} Calu-3 AIZFM= ke AlE @ g B 7 AZAR] 3§
B g2 Aoz F3E Wiyl #2HA FUTHEFg 3).

Zk At A ZF lovastatin 1, 3, 10, 30 x M-S A28}l 48AI17F o] AE HEIFE A
23 AT} A5499] A Z4E ZIAAEI A 220+1.3x10%) Q= 1 xMol A 204107 ¥
10'e2 #ol3d WMart gubrt 3 Mo A 18.1423%x10%, 10 Mo A 13.3+0.3x 10", 30 M
oA 40104x10°07 A= A TE7 §250A B45Y tHp<0.05). NCI-H239] Al X4
ANAAE A 141208 x10°01P=H 1 uMol A 5.7203%x10%, 3 xMol|A 3.1+0.4x10%,
10 uMo A 17204 % 10%, 30 uMAA 1.1+04%x10°0.2 RE Ed BxdA {2314 7
235G tHp<0.05). Calu-39] A Z5E 7|HAEAA 71208 % 10" =d 1 xMoA 6.3
+1.7x10%, 3 uMo A 60+1.8x10°22 &3 Wart glvhrl 10 pMoA 3.5+0.4x10%,
30 uMO A 3.4+0.1x10°22 S84 Z42sgo U (p<0.05) Fiage] 7HE Aok
(Fig. 4).

3. MESFT[Q Hig}

Zk A9 lovastatin 1, 3, 10, 30 nME A28}l 4841 7F Fof FAHEZ A& APl

_9_



a7 O Untreated

Lovastatin 1 nM
Lovastatin 3 nM
@ Lovastatin 10 nM
B Lovastatin 30 nM

20

15

10 |

Cell number (x 10%)

NCI-H23 Calu-3

Fig. 4. Effects of lovastatin on viability of lung cancer cell lines. Cells were
plated in each well of 6 well plates at a density of 510" cellsjwell, and
then treated with lovastatin of indicated doses. Individual wells were tryp-
sinized, and the number of viable cells was counted at 48 h after treatment
using hemocytometer in triplicate. Data are presented as mean=+SD. *P <
0.05 versus untreated.

lovastatin o ol W2 A EF7]9] W3lE vt FHAE B4 33 Algsted 7
WEAQ AFAE HSHT AEXF71E GO/GL, S &€ G2M 5 37|12 Ul 4zt v &
S WEEZ TASY vlwd A3 o33 22 237 e A54990 A= 7] A e o
A GO/G17]¢] H]-&©°] 64.4%% =H| lovastatin 3 p M7} A= T3 W37l Qlokz 10 Mo
A 75.3%, 30 pMoA 94.1%2 FASHA FIFstATE G2M7]l A= 7] A E] ol A]
3.7% ¥+ lovastatin 3 xMo A 50%E F713tH T} o]3 = thA] ZHAS = Aol dth
NCL-H239 A& 7] A4 A A GO/GL7]2] H]-go] 253% AT 10 xMAA] 34.1%, 30 Mol A
36.0%2 AASA F7HetATh G2M71o QoM T JIAGE A 324%H 2 3 uMel A
462% = F7letAthrt o= ATl Calu-3dl A= 7)Aol Al GO/G17]¢] H]&©]
572%% 3 lovastatin 10 Mo A 64.8%, 30 xMol A 70.9% 2 Z7}5tth G2M7]o] oA
= A NA 135%95H 1 uMol A 184%, 3 uMoA 195% =2 Z715tG Tt o3 =
TA] 7+4 59 BH(Table 1). o] 9} o] A M EFo| A lovastatin A 2] Fo] G17] & G2/M7]
7F st Al SU1e R Atid ez Syle] AASHY. Sk Fd2 lovastatin 1, 3 4M
o AFEAdME GM7t F7HetE e 2Rt =2 FEQ 10, 30 1Mo A= G17]¢9] dA
SHAl F7tstHA diAd ez G2M7|9] vl&L FAaste AUtk AZ 7] v
AolA G17]9] F7H8L A5499F NCI-H239 A Z+Z} 146% 2 143% 2 A5 L Calu-3+=
124% 24 F7Hgo] iAoz wokrt G27]9] Wsld jlojAe F7H&o] A549 135%,

-10 -



Table 1. Effect of lovastatin on cell cycle distribution in lung cancer cell lines*

Doses of lovastatin (M)

0 1 3 10 30
A549
GO/G1 (%) 64.4 64.7 64.4 75.3 94.1
S (%) 319 30.9 30.6 26.6 33
G2M (%) 3.7 4.4 5.0 32 2.6
NCI-H23
GO/G1 (%) 253 27.0 29.5 34.1 36.0
S (%) 42.4 328 24.4 42.0 342
G2M (%) 324 40.2 46.2 24.0 29.8
Calu-3
GO/G1 (%) 572 58.2 58.2 64.8 70.9
S (%) 29.2 234 224 19.2 17.4
G2M (%) 13.6 18.4 19.5 16.0 11.7

*All cell lines were treated with lovastatin of indicated doses. Flow cytometric cell cycle analysis was performed
after 48 hours. Relative proportions of cell cycles in each cell line are described as percentage.

A549 NCI-H23 Calu-3
0 1 3 10 30 0 1 3 10 30 0O 1 3 10 30
Cyclin A e s wm === | -.—_-—-—-l bl —
CycClin E e s s s - | ™ e s s
Cyclin D mes s s s o= o o — — — - —

Cdk2 - - = - - ﬂ----| - e e oms w—

Cdk4-l|-l—l——| ----ﬂ| - s S e —

Fig. 5. Effect of lovastatin on expressions of Gl-related cell cycle regulatory proteins. Western
blot analysis was done at 48 h after treatment of all cells with lovastatin of indicated doses ( M).
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NCI-H23 143%, Calu-3 143% =2 H]2=3F okAto] .
4. G17| oA M=ZZF7| =F CledAlol v{g}

7k A|EF0] lovastatin 1, 3, 10, 30 xM& A stal 48417 Fo] AZTLAL BE F
A8 7HA] G17] #-E AEF7]) 24 ddo] A E o] &3l Western blot2 AP st 2
3} cyclin A, cyclin E, cyclin D 52 EE AlXFoA AT Ay @3 Wiyl gz
Cdk2 2 Cdk4x= W37} AhFig. 5). oln) ¥ AEF7] 22 gl Ao A= lovastatin
30 uM A Fo @Ho] okt ZHASE AHE EYed ol vx9 St mE HA
A W37t olBE 2 fo% AR BAs = of#¢H, lovastatino] AMEF7] 2E wH
Ao AH L35l yEbd 2 WHalelr|Btbs 1F5E 9] lovastatine] &3 A|E ST}
A ZALZ Qlste H]EolA o2 et WH3ld Z1 o2 ALRH U

G17] #™ CKIQ! p219] lovastatin Fof Fol] WE T WHILE FFSHY] Y8t 74 A=
F ) lovastatin 1, 3, 10, 30 M-S = 2|3} 1L 4847k Z o p21ol] )3k Western blot-S ] 3§ F
A}, A549 A L3 A= lovastatin 3 g MF-E], NCI-H23& | yMo| A EE @do] =769
i Calu-3€ 1 pMollA] @3 o] F7HE AL 10 pMPEEHE HHo] T 78 thFig.
6). p219] lovastatin A2 & A|7te] w2 @y WHIE #FEAS7] st 4 AEF
lovastatin 10 M £ & 12, 24, 48A] 7+ 39| p219)] T3 Western blot-2 A]3) 3+ A7}, A549

A A549 NCI-H23 Calu-3

0O 1 3 10 30 0 1 3 10 30 0O 1 3 10 30
p21 L e N l-.-_—l---| s i Sl oo |
P27 T e e ‘l-l-—___.| _-_-—|
B

A549 NCI-H23 Calu-3

0 12 24 48 0 12 24 48 0 12 24 48
p21 . — . —— e Bl Al & |
p27 b D G R e e s . - X X N

Fig. 6. Dose- and time-dependent effect of lovastatin on expressions of p21 and p27. (A) Western
blot analysis was done at 48 h after treatment of all cells with lovastatin of indicated doses ( M).
(B) Western blot analysis was done at the indicated time (h) after treatment of all cells with 10
#M of lovastatin.

- 12 -



oA 48417 3, NCI-H23& 24417t o) o] S718kG L, Calu-3E 12417 Fo] 2H o]
oF7t S 7}sh 4 thFig. 6).

p21 mRNA2] W32 #A&A37] 95t 7 Al X5 lovastatin 1, 3, 10, 30 xM-E # 2|5}
1 484 7F 3o p219] ™3+ Northern blot2 A] 3 s A3} A549 T NCI-H239l| A] = lovastatin
10 M & 30 uMolA FAASA L@ o] F748l9 1, Calu-39 4= 10 Mo A Bl F8HA| &
Vet th ol e Aol A p21 WAL Fhe} ofo] wWE= wwA o] FUHF vk
B AL & £ otk ® sube] Gl7] B3 CKIQ p279] 23 wWsls BAA3E] 95k
—‘Hﬂ p213} 728 HH O 7 lovastating | B 5t1 AE S 43S 23} Western blot 4 A A

F A lovastatin®] Fof 2 9 A 7H W} E §-9] 3k W37} ¢, Northern blot 402 %

‘:‘E‘Eﬂ_ W37t gldchFig. 7).

p33& p217 e CKIE ZAH3] fFE3te o] dormz AEFAA p539] FF7t
CKI® &d W3l 9%S = 4 I, AAZE Y AxFE ez & dFxe
p539] f-Fof wel CKI9| 2@ o] thE %k%.‘”_i Uehd 1 o B A9
F A A549+c wild-type p53S 7}A™, NCI-H23 ¥ Calu-3& p33°] S o]
A ZFAE,* lovastatin 2 2] & p213} p27% p539] fFol wel T3 2ol 7b gl

Gl17]d] 2 283l Cdk2= Western blot 0.8 RE A XF A lovastatin = 2] o] u}
2 &g "yl SithFig. 5). £ AT HMEE B] 8t ZF A ZF 9 lovastatin
10 uM-& 2] 3}aL 48417k Fol kinase assayS AP 3t A} A A EFo A A3 Cdk2 &
2 GRS FaE B B4 A A Mste AR Ads a4 5ol st

A549 NCI-H23 Calu-3
0 1 3103 0 1 3 10 30 01 3 10 30
) |
m EEETEEE
. E L L X
| D e O

Fig. 7. Effect of lovastatin on expressions of p21 and p27. Northern blot analysis was done for
p21 and p27 mRNA at 48 h after treatment of all cells with lovastatin of indicated doses ( zM).
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A549 NCI-H23 Calu-3

0 10 0 10 0 10

IP: Cdk2 e - @ -— - Histone H1

IP: Cdc2 -4 Histone H1

Fig. 8. Effect of lovastatin on kinase activities of Cdk2 and Cdc2. All cells were treated
with 10 M lovastatin, and cell lysates were immunoprecipitated (IP) with anti-Cdk2 and
anti-Cdc2 antibodies, and kinase activity was assayed using histone H1 as subsrtate at
indicated time (h) after treatment.

A549 NCI-H23 Calu-3
0 10 0 10
Cdk2/p21 " EE .
Cdk2/p27 W Bl — - .

Fig. 9. Effect of lovastatin on bindings of Cdk2 with p21 and p27. Cells were treated with
10 M lovastatin for 48 hours, and cell lysates were immunoprecipitated with anti-Cdk2
antibody, and then reacted with anti-p21 and anti-p27 antibodies.

Foke M-S & 4 AATHEFg. 8).

olato]l Ao A Ao p219] %A Z7t¢) Cdk2e] TA BAE FheE T 7HA &
83 ¥sle MZ A Fdo] gla o] TS GI7] AA ¢ A#AE & Ut shAT
p213 p272 G17] B cyclin/Cdk¥} AFste] JAlste 28 st ol 24z 44
9l Wggre HE Aoz Cdk29 TATAHE A4S Adgsie
Wl & CdyCKI B3 3749 W3l ¢ 1 }é Aoz Fadh 2t
3215t 7] €18t co-immunoprecipitationS A B3 A TH Cdk2/p2l E-gtA] Ao Wales 3t
Q1&l7] YA Z+ A EF| lovastatin 10 /,zMg ] 2] 3} 48417+ 9 anti-Cdk2 antibody 2
immunoprecipitationg- A] 33} o 7]o] T}A] anti-p21 antibody 2 Western blot-2- A] 3§ 3}e] 2
& B 23 NCLH239 A B3A| o] &30l Frlstfovt thE AEFdAs ¢E e
H3b7E glglth Cdk2/p279] B3 B Add e JrlE S8 22 WH O =Z co-immunopre-
cipitationS Al P g Ax} A AEFoA o] FIHIHL ol plET ¥ AT

N

ol

D
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(Fg. 9. p27 Cdk2 p21
Gl
5 G2
Lovestatin = G2 cyclin B1
lovastatin lovadtatin 1,
3,10,30uM 48 cyclin B1 Western blot VuM
lovastatin 10 y M
12,24, 48 48

(Fig. 10). Lovadtatin

cyclin B1 mRNA

AD4G

NCI-H23

Calu-3

0 1 3 10 3

Cyclin Bl e s s =—

Cdez @ @ - . -

o 1 3 10 30

A — —

- . e S —

MNCI-HZ3

o 1 3 10 30

Calu-3

B AS4E
0 12 24 48
Cyclin B1 o e e

0 12 24 48

LB

o 12 24 48
- e e e

Fig. 10. Effect of lovagtdin on expressions of G2-rdated cell cycle regulaory proteins. (A) Western
blot enadysis was done at 48 h after treatment of al cells with lovastatin of indicated doses (U M).
(B) Wedtern blot analysis was done & the indicated time (h) after trestment of dl cdls with 10
UM of lovagtain.

A48 MCI-H23 Calu-3

0 1 3 10 30 o 1 3 10 30 o 1 3 10 30

- - - Pow-- Baaee
St et - -2
e b <1183

Fig. 11. Effect of lovestatin on expression of cydin BL Northern blot andysis was done for p21
MRNA at 48 h after treatment of dl cdlls with lovedatin of indicated doses (U M).

Cyelin B
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Northern blot A9  NCI-H23 3uM

Cdu-3 (Fg. 12).

G2 Cdc2 lovadtatin 1, 3, 10, 30u M Western
blot kinase assay lovastatin 10y M 48 A9
NCI-H23 Cau-3
(Fig. 8). Cdc2 cydin B1 Co-immunoprecipitation

lovagdtin  cyclin B1 Cdc2
G2
6.
Lovastatin
lovagtatin 1, 3, 10, 30p M 48
DNA DNA fragmentation A9
lovastatin 30y M DNA ladder NCI-H23 lovestatin 0yM 30
M DNA ladder . Cdu-3 OuM DNA
fragmentation (Fig. 12).
ARAG MNCI-HZ3 Calu-3

M1 23 4531 234 51 23435

— ———

—h—

Fig. 12. Induction of gooptosis by lovastatin. Electrophoretic analyss of
DNA from cells a 48 h after treatment with lovestatin of indicated doses
for detection of DNA fragmentation. Cells were treated with following doses
of lovastatin; lane 1, untreated; lane 2, 1y M; lane 3, 3u M; lane 4, 10
M M; lane 5, 0p M.
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A549 NCI-H23 Calu-3
0O 1 3 10 30 0O 1 3 10 30 0O 1 3 10 30
p21 & s & - = S S LT ¥ T

< 15kDa

Fig. 13. Cleavage of p21 by lovastatin. All cells were treated with lovastatin of indicated doses
(#M), and subjected to Western blot analysis using anti-p21 antibody at 48 h after treatment.
15 kDa fragments of p21 were identified in NCI-H23 corresponding to apoptosis described in
figure 12.

7. LovastatinOf 2|t p212| Mt

Lovastatin®]] 2]} 4] p212] A= o] cleavage fragment’} L& =2 &3t 7] 3 2+
M EZFo lovastatin 1, 3, 10, 30 M-S * 2|3} 48A|7F & anti-p21 antibody 2 Western blot
S A3 27 NCI-H230l A4 1 «M A2 $ A< p212] band® th of2fe] 15 kDa 79
o w]9k& band7} BRF UL 3, 10, 30 uM A= A 3 band7} Z Fofol &Aoo 2
235|0] 447]¢] DNA fragmentation P43+ 43-3h A0S HYchFig. 13)

B4

Lovastatino] 2] AEFAAM A EF7]9 YL sty A EALE JAse &L
p21 2 p273} 22 CKIZ fE3t4 Gl17] AAE dod|s Fo| F 7Hdez 484 g2
o, B ApME 7BHogs 2 A0S FAsAt A FAHA AXF7] 24
gl A Bd W AEF FFd el ohkd e 2l up glon) PN
AFoA ez 3 H Mg AEZFAMT 7|Ee] EuEFe XA g & U2
%ol UEbYTh G17] #E AEXF7) 2Eg A oM E Cdk2e] AFAEI Ta
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£l QlojA= NCI-H23 M ZFo A Cdk2/p2l E3HA|9] PAo] Frtstgdoy b2 AxXF
A= FHA BFZHA Gt 3 f-uYd Al EFo A= lovastatin A 8] 3o Cdk47}
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Abstract

The effect of lovastatin on growth of lung cancer cell lines
Kwang-Joo Park

Brain Korea 21 Project for Medical Sciences
The Graduate School, Yonsei University

(Directed by Professor Sung-Kyu Kim)

The cell growth and proliferation are characterized by the progression through the cell
cycle which is orderly controlled by the interactions of various cell cycle regulatory proteins.
The cyclin and the cyclin-dependent kinase (Cdk) form heterodimeric complexes which
activate the cell cycle progression. Cdk inhibitors (CKI) negatively regulate the cell cycle
by binding with cyclin/Cdk complexes.

Lovastatin is a potent inhibitor of 3-hydroxy-3-methyglutaryl-coenzyme A (HMG-CoA)
reductase and has been originally used to treat hypercholesterolemia. It also has the ability
to induce G1 arrest in the cell cycle resulting in growth inhibition. Lovastatin is under
clinical trial as a potential anticancer and chemopreventive agent. Main mechanism of
lovastatin in cell cycle blockage is considered to induce CKI such as p21 and p27 followed
by inhibition of cell cycle regulatory proteins. Many studies conceming the effects of
lovastatin on the cell growth have shown various results in detailed mechanisms of action,
especially in expression of the cell cycle regulatory proteins. The biologic effects of
lovastatin on the lung cancer cell lines were studied by evaluating the alterations of cellular
morphology, cell cycle and expression of cell cycle regulatory proteins, which revealed
following results.

1. After lovastatin treatment, morphological changes with cell death were demonstrated
in A549 and NCI-H23 but rarely in Calu-3 cell line.

2. Flow cytometric analysis showed marked increase in the G1 proportion by higher doses
of lovastatin and less degree of increase in the G2/M phase by lower doses.

3. Lovastatin treatment increased protein and mRNA levels of p21 regardless of p53 status
but p27 showed no significant change. Cdk2 kinase activity was reduced and increased
bindings of CKls, especially p27 with Cdk2 were noted.

4. Protein and mRNA levels of cyclin Bl were decreased with reduced kinase activity
of Cdc2.

5. DNA fragmentation was found in all cell lines, especially in NCI-H23 which is
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accompanied by appearance of 15 kDa band of p21 cleavage fragment on Western blot
analysis using anti-p21 antibody.

These results demonstrate that lovastatin induces growth arrest of lung cancer cell lines
in which the process of apoptosis is considered to play a role, and causes cell cycle arrest
mainly in G1 phase but less degree of G2 arrest was also found with corresponding altera-
tions of the cell cycle regulatory proteins. Induction of p21 by lovastatin is of transcriptional
activation but p27 inhibits Cdk2 activity mainly by increased binding rather than increase
of its own expression.

Key Words: lung cancer, cell line, lovastatin, cell growth, cell cycle, cell cycle regulatory
protein, apoptosis, p21, p27
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