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Purpose: In order to elucidate the roles of the cell cycle control genes in the carcinogenesis
of Korean gastric cancer, the expressions of cyclin A, D1, E, p16™** and Rb in Korean gastric
cancer cells were investigated in this study.

Materials and Methods: The expression patterns of major cell cycle control genes in Korean
gastric cancer cells (SNU1, 5, 216, 484, 601, 620, 638, 668, 710) were analysed by using western
blot and reverse transcription-polymerase chain reaction (RT-PCR).

Results: In most of the gastric cancer cells investigated, the overexpressions of cyclin A and
hyperphosphorylated Rb, and markedly decreased expression of p16™%* were observed. Over-
expression of cyclin E was also observed in SNU1, 484, 601 and 638 gastric cancer cells.
Conclusion: Considering all these findings, the following model of the gastric carcinogenesis
caused by the altered expressions of the cell cycle control genes can be postulated: over-
expressions of cyclin A and E cause acceleration of Rb phosphorylation, inactivation of Rb
functions and acceleration of G1/S transition of the cells; decreased expression of pl16™ <" causes
inadequate inhibition of cyclin-CDK and further acceleration of Rb phosphorylation; consequently,
Rb inactivation, G1 shortening, inappropriate cell division and decreased function of the
maintenance of genomic stability occurs. All these abnormalities should contribute to the
carcinogenesis of Korean gastric cancer cells.
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e seueldlA 71 ol wAsl oi-$-
Z9% GAFgoln, AYgAEL] FFEY xHo
2 Q3 Agkst 280 @2 wA-o] ojFojFe
U oA s Aol & B FAHEE HAx 9l
th(1). 2 FAAHE 53 g LA A i &
AFFl A FHE e At xg Y
F AA vilg Fog HJERE AFH F AL
Zlei = ek (1~3).

SAES 73 Fad §F F9 e =4
A & FHodt AEEGold. A¥EsF FEE
slazl she AP AEFV) Y GI7] FHURE
A A o] FolR|H, 1 o] Fojl= AXE R 2R
B ot AA=RAE A3 HAgle] AEEES
A% 2AgH Taage] FYEA Hoh@). AE
F7) 39 FEHQ B FYUL DNAE SF
71 B¢ A glo) BAlste, Y8 A 45
MFE7| E9t 5 JFA| X (daughter cel) 2 2} FF
A W Esl= dl Aeh5.6). GIF7] F<¢ AEE
AE 2Re] Ave uh-gsle] £49g 37 A%
AEF71E AWAL, AEF7)NA WA Lo}
FAAHGOZ Eo7HA Hek@). GIFT] P
S, G2, M&7] o)8izt= Za], Ynuh3 2 2 mitogen
E9] zAFo g3 FHA-4EHE AoE EHA U=
dl, FAEY 7ol ol2idt =AM 4aglol
A A AEFTE APAT= o] At &
AR LA 1005F o4 dFARERS &
AFAAEL] ATADL AAAAY] tHREE-] #

£, Al4H mitogenA}= B9} FABIH, o]
59 AzAG A2 EL GIFY] F34F 233
717l AFH G0l W AHE,7,8).

olg} Zro| MEFY] z2A¥ ¢ wATAE YA
g DA Jow, GAEAA BoldlAl WHIE
Bol: AEFy] 2AAAES WHE 4| o] F
oA, o A} AL vS o] oY
A, AR AL A E dF B AFE L
J £8& £ F dov, GAEdder AHHQ o

AEE Jepd F de AZE IF T4 Al
Alg 4 A& RAolth3,6,9). 2t f-2lvtelellA
2 vlF$ AR de Al dolAe AX
F7] z2AAAe ¥ Uit F3He AT+
=7 AAelrt.

olg]d A AL ulg o2 of AFAE 59
lotalEo) A cyclin A, D1, E, p16""* 5] Rb 5
o] wg zAs] ¢ WA AEFI] =3
AAEIe AFiAAALE FHToZH Tx9
St WAy IF J1HE oA} o] dFE
A5t

HE ¥ 2y
) MEF 3 =

29 99k A EF9l SNUIL, 5, 216, 484, 601,
620, 638, 668, 719 I &Tql ulFY HMEZFQ
SNUC1-& A-&hshz AEF L3follA] Fof o}
ALl en], 10% fetal calf serumo| HH=
RPMI-1640 v kN & o] &3] 36°C, 5% CO,0i|A]
sokeiict. B4 FE Afol AlEE 10% fetal
calf serum, 2 mM glutamineo] -3 DMEM high
glucose Hiok}g AH-83to] 36°C, 5% COollA] uf
Fh.

2) MEME = A

0.4% trypan blue 50 gloll AE 50 1 Y3 &
£ ¥ hemocytometerol] HEs}3 18 F H¥E 4
£ Alo] AFHE & Aesidded, 5 A9 A
BE 747 AlF ¥ 2 FFAE Hok

3) EtE 22|, MJ|YE A Western blotting

ZE AEF7) 239030 d8HE =AY
Aeto] PR AEES AEL $FH(10 mM
Tris-Cl (pH 7.4), 5 mM EDTA (pH 8.0), 130 mM
NaCl, 1% TritonX-100), 0.2 M phenyl-methyl-
sulfonyl fluoride, proteinase A EFH-E Wi
Lol 3087 & ¥ AR o F5HE H
% ¥ Biorad A9 WiA AT kitZ A FR
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t}. odojAl wheld ¥ g SDS-PAGE A 7|3-%3}
3 nitrocellulose & (Immobilon, Millipore |,
Bedford, U.S.A)E RA7|o]E5S A3yt A7)
°]% ¥ HE|E Blotto§H(5% YA Fol FHd
TBS-T SFHel]l ol 4°CollA 31F @ F<t
shaking#} ¢l c}. Blotto8- NS AA3I U2 AH &
Al 2417 F3 TBS-T AFHo g H&
ohg ol XA 8- H(A-2)A 1A Fict. ol &
t}A] TBS-T gEBo 7 A& § enhanced che-
miluminescence (ECL, Amersham |3, Bucking-
hamshire, England) A]¢fe & ut-A]F) 31 autoradio-
graphyE A A&k ¥ densitometerE o|-§3te] FF
stgich. UREAMELS v]F Santa CruzA}(Santa
Cruz, U.S.A)), PharmingenA}(San Diego, U.S.A.)) 9
Oncogene ScienceAH(Uniondale, U.S.A.) AFL A
$aheae

4) RNA #2| W reverse transcription-polym-
erase chain reaction (RT-PCR)QJ 9Jft
RNA H&f

2tE AEF7] 2A/FARES $HE =43
71 913le] RT-PCRE AA3}3ch. RNA Eel&
RNAzol BE A-83te] 23t ¥ diethyl pyrocar-
bonate 2 X2l FHoll A F AL E3ul
YAZ 5 94 €55 4T F A9

cDNA AL Eelg RNA 2 xgg oligo dT (16
menE A83tod 40 pl §F2oF oA A(reverse
transcription) & AJ?¥3ch. wr-gEFe) =L
RNA 2 gg, 5 mM MgCl,, 50 mM KCl, 10 mM
Tris-HCl (pH 8.3), 1 mM dATP, 1 mM dTTP, 1
mM dCTP, 1 mM dGTP, 1 U/xl RNase <#|4)
(Perkin-Elmer A&, Branchburg, U.S.A)), 2.5 U/ zl
MuLV SA A A& (Perkin-Elmer A}, Branchburg,
U.S.A), 2.5 M oligo dT (16 men & }glov, 4t
L =L 42°C 1417}, 99°C 5&, 5°C 5802 3}
k. PCRS 10X ¥Hg 2 ol(15 mM MgCl,, 100
mM Tris-HCl (pH 8.3), 500 mM KCI) 5 z12} 10
mM dATP, dTTP, dCTP, dGTP 2} 1 14, 28|32
30 «M sense I antisense primerE 7}7} 1 418 4
£ EGE 1 p19] HEZAIZ] cDNA HHg E3E
1 25 <99 Taq YA L(Perkin Elmer A|F,
Branchburg, US.A)E Y2 ¥ FHTE Hrlsto
50 p12 28 2331 30 £12) mineral oilg FZF
¥ ¥ DNA thermal cycler (Perkin Elmer A3,
Branchburg, U.S.A)E Al-&3le] PCRE A4l
t}. Z=ZH PCR AHE 10 ylE 1% agarose geloll
A7l s ARAPeS 8 I densitometerE
DNA bandE #43}%ic}. RT-PCRoY| AH-§-3 ZH§
FAAES primerd 7] A 4-2 Table 13} ).

Table 1. Primer sequences used for RT-PCR

Name PCR primer sequences Product size (bps)
GAPDH Sense 5-CGTCT TCACC ACCAT GGAGA-3 300
Antisense  5-CGGCC ATCAC GCCAC AGTTT-3
Cyclin A Sense 5-CAGAA TGAGA CCCTG CATTT GGCTG-3 615
Antisense  5-CAGAT TTAGT GTCTC TGGTG GGTTG-3

Cyclin D1 Sense 5-ACCTG GATGC TGGAG GTCTG-3 402
Antisense  5-GAACT TCACA TCTGT GGCACA-3

Cyclin E Sense 5-GGAAG GCAAA CGTGA CCGTT-3 638
Antisense  5-GGGAC TTAAA CGCCA CTTAA-3

pl6™* Sense 5-ATGGA GCCTT CGGCT GACT-3 464
Antisense  5-GAGCC TCTCT GGTTC TTTCA-3

Rb Sense 5-ATGTC AGAGA GAGAG CTTGG-3 579
Antisense  5-GTGCA CTCCT GTTCT GACCT-3
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D =l gt MEFUM F2 HEFT|
ZACUEEe WY

Cyclin ASH A2 Al¥oel] 483 9F2] $jot A
EZ ZojA 7%o] SNU Cl A MEZFY 3
A B2 Gfol MEF vls) FE BHE 2y
3, cyclin D1 -2 SNU 638, 668 3] 719014
k78 g Bgr), cyclin E g A& SNU 1,
484, 601 T 63894 74 wW¥g B4, ple™ce
G2 ddel A4 RE A AXFAA

]

o] WARA SkchFg D). AL MEZ7)
80% EHUEZ 44 vt FEHAelel o]
e wie) Rb 39k BuAe) YHEE =AW A
3}, SNU 484 9 668% A8 € GHMETEL
80% YU} FEGAY 252 ol ol
A%+E Rb, & ppRbS] 74 HaE R girhFg. 2).
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Fig. 1. Expressions of various cyclins and ple'“' proteins in Korean gastric cancer cells analysed by
Western blotting. Lane 1: Korean skin fibroblast; lane 2: Korean colon cancer cell (SNU Cl);
lanes 3-11: Korean gastric cancer cells (lane 3: SNU 1; lane 4: SNU 5; lane 5: SNU 216; lane
6: SNU 484; lane 7: SNU 601; lane 8: SNU 620; lane 9: SNU 638; lane 10: SNU 668; lane

11: SNU 719).
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Fig. 2. Expressions of Rb tumor suppressor proteins in Korean gastric cancer cells analysed by Western
blotting. Lane 1: Korean skin fibroblast; lane 2: Korean colon cancer cell (SNU C1); lanes 3-11:
Korean gastric cancer cells (lane 3: SNU 1; lane 4: SNU 5; lane 5: SNU 216; lane 6: SNU
484; lane 7: SNU 601; lane 8: SNU 620; lane 9: SNU 638; lane 10: SNU 668; lane 11: SNU

719).



LA 9 AY AEFANA MESF7] 24 G487 09 283

GAPDH

Fig. 3. Expressions of various cyclins, p16™ * and Rb mRNAs in Korean gastric cancer cells analysed
by RT-PCR. Lane 1: Korean skin fibroblast; lane 2: Korean colon cancer cell (SNU C1); lanes
3-11: Korean gastric cancer cells (lane 3; SNU 1; lane 4: SNU 5; .lane 5: SNU 216; lane 6:
SNU 484; lane 7: SNU 601; lane 8: SNU 620; lane 9: SNU 638; lane 10: SNU 668; lane 11:

SNU 719).

E RNAE SNU 1, 5, 216, 601, 620 3] 71904 7
g wEe B3, pl6™ ™ RNAE SNU 5 3 484
€ ALY RE AGAIENA wHo] AR
okgttl. Rb RNAE SNU 1, 5, 620 3 719004 7+
3w g Hg3, SNU 484, 638 o 6632 WHslo]
] oF3}- 91 ok (Fig. 3).

3) F2 MEFJI| Z=FeIXES RNA § ©
WE WM H@

Cyclin D18} 7%, RNAS] WH & S8 F7]
7} $lAL, SNU 484, 638 ) 6683} Zto] wao)
vlkdtdlE EFea, AL ddides 7t
usg B ch(Fig. 1, 3). cyclin B8] 3$, SNU 1
2 6012 RNAS} ©hwiZo] RF 743t widg B
%L, SNU 484 g 6380]| 4] RNA2] ub& kol )
3 A2 3 uhE-g HQch(Fig. 4). cyclin A
9] A%, ZE 919t AlEFo)|4A] RNAZ] W2 n|
sslg o B d-e g Ueg Bick(Fig 4).
pl6™ 2] 7%, SNU 5 ol 4845 A&l % tlR £
AL HEFA RNAS chujd o} Wi o] s

= ekgtch(Fig. 4). Rbe] Z$, SNU 1, 5, 620 &
7199} Zto] RNA W&o] 78 7$-8}, SNU 216,
484, 638 I 6683} Zro] RNA ‘o] wlokat 4%
EFollA Rb S AL 74 el HAckFig. 4).

4) #H=el figt MEF0| UM FHRE W
BEHsE 20l MEFT| ZFCIXE

SNU 1, 216, 484, 601, 638, 668 3l 71904
cyclin A o] A3 HHE #AFY =+ U
vy, SNU 1, 484, 601 3 6380llA+ cyclin E g
Ao A EHE ohEE Y = At e
I AR BE AY AEFANA ple" “ruiA g
HEe WA 5 giglen, 3}A4E Rb (ppRY)
e 23 gde 3 5 U cH(Table 2).

a -
AEED oA GIF7] 2Rl B oldlie

GAEZ Al oju$t YYoE AEFIE A

A7 Re7tE eldlzten S Fo3
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Comparative analysis of mRNA and protein expression patterns of major cell cycle control genes in Korean

gastric cancer cells. 1: Korean skin fibroblast; 2: SNU C1 (Korean colon cancer cell); 3-11: Korean gastric cancer
cells (3: SNU 1; 4: SNU §5; 5: SNU 216; 6: SNU 484; 7: SNU 601; 8: SNU 620; 9: SNU 638; 10: SNU 668;

11: SNU 719).

Table 2. Abnormal expression patterns of major cell cycle control proteins in Korean gastric cancer cells

Name of Names of cell cycle control proteins Phosphorylated .
cells increased expression decreased expression Rb p53
SNU1 cyclin A, E ple™e increased wild type

SNUS5 ple™ e increased deleted
SNU216 cyclin A ple™Ke increased mutated
SNU484 cyclin A, E ple™ke mutated
SNU601 cyclin A, E ple™Ke increased mutated
SNU620 pl6™Ee increased deleted
SNU638 cyclin A, E ple™Ke increased mutated
SNU668 cyclin A ple™ke increased mutated
SNU719 cyclin A ple™K® increased wild type

*data from references 22 and 23
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tH6,9). B A AEFI] 2A6 SlolA Gl A
ol Tt SF7] AYL cyclin A, D, E9] &
&9l 248 W= cyclin dependent kinase (CDK)
Eoll &l 245 &0, CDK 84 3= cycling}9)
AdE o2 dv@), Holx F FF{9 CDK
inhibitor (CKI)E-ol] 23 JAlge] B =g cH10).
CDKEL GIF7|E olgsl7] flste] Fa3 7|
AE JASA Aok s, Rb gt Po] 1
HEHQ 7142 4#A UcH5.6). Rb ahdwiyy
AL 7] AYel] A F8% FAAELS A
A= AA=AE QA9 E2FE v st §
AZNRE S 21, AHU4E Rbe
E2F E3AE3 Ajsle] o]EE repressor2 A
BAA E2F 3 fRAAES] 2H-E AAgte] B
IE Y H5,12). Rb7} AAHS=E oj2i 3t E2FE-S
freElAF|e, felsl B2FES B3 fARES &
A7), o3 Rb 43 FA-L cyclin
D-o]EA] kinaseol] 9|3|A Moz fud ¥
cyclin E-CDK2 Egaldl <ailx 7143t
(5,6,9). 18]3L CDK4 &} CDK6el| t3t Eo]& Q)
AA debfAel ple™“ciwile FHPHog
cyclin D-2]&A] kinase?] A EE AAlsle] Rb
PALE dAR22ZA GIFAE XTI
Rb §A 72 AAAHQ §AHH &4l A4ksto)
93} Rb7t 8843} 5|9 GU7l+ SEH3 QX
© Tohdt Bdg 2:E F Sl96).

o|21gt Rb 7 22| sl3 = oF wAdl] o] o
2 Aojrh6,89). =& p16™ o] 23 Rb7} HA
Q AXAAE GIF7] APE JAPo= AL,
Rbo} &A1zt wp7lA 2 p16™*® chide) 44
< o 249 AR AL uig
(14,15). AAIZ Rb Z 2 o] 43t ¢ whAyz}e] #A
S zZANEY, JotEE, £AEHL, 4F
% 9 vbsgdeolAl Rb §A219] AL} B
o] E WAY & AU3(16), HEEQ] Ap-FtolA
Z+ §5% vio]H&MHPV) E7 W¥loz ¥

TEAS & F A1, At 2T

e R Ho

7]
oAl cyclin A, D, E9) el E & g}

Z

ARY SolA ple™ e AE B EduelE
£ & UH6,10). 1# ot o3 A A
A5 7155 A Gl cyclinE 9] ¥ 53
o] CKIEY zZ&& FHIAA AL AxEF
717t AP =5 Sk Aol dHFHAE,7.8).

ol¢} Fo] MEF7 A3 o YT UF
g FA7E Jed, o YA JAE Fol sl
71 1A= RbE FA2E 2 AF(upstream)$}
3}57-(downstream) &} M| EF7] z2AAAES] Wy
40| Ho|rh6,9). o] AFdlAE Feiviel
oAlA =g F2% it YA JAHE AEFY
ZA AN A ol shslaAt st HFY A Al
ol oA FEg UE wWIE HolE AX
F7] ZAJNAETEAE dFE£9 LA EANA
cyclin A ¥R o] % ¥z, #AA3 Rb
(ppRb) iR e] A WEE £ F U,
pl6™* chuiA o) wiEg WY S Uit zE
3L SNU 1, 484, 601 3 6380l 4 += cyclin E ©huia
9] 7% e x A JEY = U

olg|dt AAES FiE I AL AE
oA cyclin A Y E9] 74t Wil o Rb 34wk
A2 Q47 FAPEo2H Rovl B84 5
I, 2 A3} AEE Gi7lddlA] S7|29] o]sfe] =
ARA D Ao WA =¥ ple™ o A}
2 Q18) cyclin QA EA7} #3slg 224, Rbe) Q)
4317} v % 7HEEA] Hol AEE S| 29 o)
ol B& FAFA & Aog A7z 2 As
Fogt AlEEde] HAEIZ, G17]9 HFog
Q3 FAR EFARLE Al fsle JE
o] MsEA Ho2HN FAHA £l FAHS0]
AiAA o] 2R A F Ao A5 aga
o] odFoll4 el ule}l Fo] T HAAHE
2 48 7HA AEFEY] =AHUQAE FAAE
53] cyclin A9} cyclin Exbe§d el 74 w¥s
pl6™** huld o] w44, 8|3 ppRbY) e
WES Holr] e, ¥ g BAH A
FAARZA olge] €848 5 T A2qE A
Z+d o}

T3 AFAFEAA cyclin LWAF7E AU
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YH-E ol3listr] 3l cyclin RNA U < wt
#g A2 w3l £ 3, RNAQ W] £X
$2ulE A wlg A d¥sEe F90
BotbA, cyclin Wy F7te] 714 AA=E A
ol A 2] RNA ¥4} F717} olvs, 2wl £
9] A2 Q¥ YA 9%, S post-trans-
lational control¥] Ao g FA=H349). & o
FAEE Aol dellA] cyclin 42 2HA 2 F
Lo} Fddols =EAT fu¢t oA, &
Iuietel o Ad9 F4 HMEZFA HEy Sl
Al cyclin ghiZo] w|PAHo 2 IYHLS B
8} A, cyclin IpE ] AL ubiquitined] 2
g A RAvl AEHAY] dEY Aed F
AU cH3,9). obvlx otF] WARA g, I
Ao g =4se AT F2 4 ¢
WA kel EANE Aoz ARz YO).
cycling ¥ &% MEF7] 23 YA EL] ¥4
I Edlol] fod3le] EAEEE AA e EAV]
FEE WASE QA XA 2 o] & kA 9] ut
HHILE oldfsied & 8ol ® Aor 47
=h8,9).

BFA LM ENA pl6™“ wH LA U9
GRE olshsl7] 18 p16" " RNA gl i wr
e A2 ulzste] B A3}, SNU 5 9 4848 A
2% iR 79 RNASH o] wHde] F
Ajoll £4=0] glolA pl6™“ W st K1)
€ ARz AW FL /3AA AEY Heg 3
AR g dFAES Bl sy, 59
SetellAE pl6™ e gA Al Eaidlely =8,
5°CpG $1*]9l| de novo methylationo] B3]
A7) 5ol B8N, 2 A AA=R A
oA p16™“ RNA ¥Ao] A=l 397t £3
Aog BasRcH2,20~21). 18]aL LeeE(20)9)
Hiol] oslm SNU 5 3 484% p16™* $xz
exon 22] codon 728} 1029} Z+2} &« ¥ o] (point
mutation)} 4] <1 o|(insertional mutation)”}
EAeH7] wlFel v F4HA RNAYE HRigez
A, 3 pl6™* A wido] Eit5RE
& & et

| 28

Cyclin A 9 E9] Z712 Rb Q437 Fsjm
24 Rb7} E¥A43 51, 2 A AEE Gl
A S7129] ojtho] FAHA HEul, ple™ g
Z15A8E QA cyclin HAEATL AHgos
4, Rb2] A437t v 7HEsle], AEE S712
¢} ole] vl FA=A Hcl 2 A o
AELGo] WA, G177t & FAA
EFARE AT FEse V5ol Add
24 A4 FHFo] FASA H Aoz A
9.
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