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With the discovery of cyclins and cydlin-dependent kinases (cdk), key regulators of cell cycle, it is now
possible to test whether the deregulation of any or all of these molecules could lead to oncogenesis.
Information regarding the clinical significance of the cyclins and cdks is beginning to unfold. It has been
found that certain cyclins or cdks are overexpressed in some tumor tissues including liver, parathyroid,
and breast cancer. However, data on the expression of cyclins or cdks in lung cancer have not been
reported. In this study, we examined the expression of cyclins and cdks in various primary lung cancer
tissues by Western blot analysis to determine if there was an altered expression in those tissues. Human
lung cancer tissues consisted of 16 adenocarcinomas, 18 squamous cell carcinomas, 2 small cell
carcinomas, 1 large cell carcinoma, and 1 with sarcoma. Western blot analysis showed that the levels
of cyclin A and B1, and cdk2 expression were not elevated as compared to normal tissues. However,
overexpression of cyclin D1 (8/38, 21%), cdk4 (8/38, 21%), and cdc2 (12/38, 32%) was observed in cancer
tissues as compared to normal tissues. The expression of cyclin E was higher in all the cancer tissues
tested than in normal tissues. These data implicate dysregulated expression of several cyclin and cdk genes,
particularly cyclin E, as a potential factor in the pathogenesis of lung cancer.(Ajou Med J 1997; 2(2): 159~
164)
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Fig. 2. Westem biot analysis of cyclin B1 in total lysates from
normal mucosa and lung cancer tissues. Cases 1-4, adeno-
carcinoma; Cases 5-8, squamous cell carcinoma; Cases 9 and
10, small cell carcinoma; Case 11, large cell carcinoma; Case
12, fibrosarcoma.

Fig. 1. Westem biot analysis of cyclin A in tota! lysates from
normal mucosa and lung cancer tissues. Cases 1-4, adeno-
carcinoma; Cases 5-8, squamous cell carcinoma; Cases 9 and
10, small cell carcinoma; Case 11, large cell carcinoma; Case
12, fibrosarcoma.

Fig. 3. Western blot analysis of cyclin D1 in total lysates from
normal mucosa and lung cancer tissues. Cases 1-4, adeno-
carcinoma; Cases 5-8, squamous cell carcinoma; Cases 9 and
10, small cell carcinoma; Case 11, large cell carcinoma; Case
12, fibrosarcoma.
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Fig. 4. Westem blot analysis of cyclin E in total lysates from
normal mucosa and lung cancer tissues. Cases 1-4, adeno-
carcinoma; Cases 5-8, squamous cell carcinoma; Cases 9 and
10, small cell carcinoma; Case 11, large cell carcinoma; Case
12, fibrosarcoma.

Fig. 5. Westem biot analysis of cdk? in total lysates from normal
mucosa and lung cancer tissues. Cases 1-4, adenocarcinoma;
Cases 5-8, squamous cell carcinoma; Cases 9 and 10, small
cell carcinoma; Case 11, large cell carcinoma; Case 12, fibro-
sarcoma.

Fig. 6. Westem blot analysis of cdk4 in total lysates from normal
mucosa and fung cancer tissues. Cases 1-4, adenocarcinoma;
Cases 5-8, squamous cell carcinoma; Cases 9 and 10, small
cell carcinoma; Case 11, large cell carcinoma; Case 12, fibro-
sarcoma.

Fig. 7. Westemn blot analysis of cdc2 in total lysates from normal
mucosa and lung cancer tissues. Cases 1-4, adenocarcinoma;
Cases 5-8, squamous cell carcinoma; Cases 9 and 10, smali
cell carcinoma; Case 11, large cell carcinoma; Case 12, fibro—
sarcoma,



A9 A& A] koot =AH 3849 Hg=E 5 8
ofl(%f 21%)0llM = Bgd=zA o del wilo] A
ol %9 A Fet o] A3 Aol
o e o3 Aol fldchFig. 3). £ AToA Z
sampleE 7+e] A|EF7] zAchiA U@ Xol&
Western blot #4022 v 23l glo] kA 2] [oading
AeE #UA37] J8 A= Bacin(B I A4 D)
9] Western blot 243} cydin AQ] ¥H& ofAlo] A2 ¢}
£ $xollA A" HgzAE Tl viai s
otlzl A=Az gz E vZg o vz
o RgzAd g AgzAo)A Y cydin D19 &
d Zole Foldt Aoz A7tdAd

Fig. 4% cyclin EQ] W8S =A% Ao g =zAH 38
ofl9] A =H|gzA ol Fue] B4zl ¥l cycin E
A o] ghtdoe] AR AEw 53] 106l(QF 26%)ell
A dA4% id P HAFAL dgGz3 A
aclin B I} 9$ Fitolyel 429 =30
A AAQ Hll A= FH Z4zA7} Xol7} UAE
d] BAzAd] Qo= EzeF 50K dalton®] ¥ band
ok g wbd 30l(<F 8%)] HLZANAE S0K ¥
utolyy2} 48K I 42K dalton?] cyclin E7} #2=¢)c}.

Fig. 5S¢ cdk29] Western blot -4 A3 sH|¢=A 3}
F49) FAZANE FA7 PR Aol 2L W
Holl cdk42] 7= ZAE 38dAlF 8|2} 21%)l| A T}
o] HAE e Hedd B 1669 ALE
% 3¢, 18419] HAAME(EF F 30, 209 &AES
5% 100 2 199 $302 Sob AyaelsA
el BE 28 Xole YUSUThFs. 6).

Cdc2 =2 2AH 380] F 120(SF 32%)9] £
z2F A Az vla] HFdE=o] Yl cdkd
ot vbd AR E FE] A Helo W
#A38 Aol g chFig. 7).

2 &

AMEF719] z2Hol| JAS key enzyme serine/
threonine kinaseQl cdk2 7R 7 Z5F7F a4 g
dl AEF77E AP E¢ kELS AEFT| E
AR A7l B33 who g FANE A Bt
th. o|¢} e dk®] A 712 MEFIIE M phase
2 ZAPA = cyclin B/ede2 complex(maturation-promoting
factor, MPF 2% g9 d72 dHAA =}’
A EF719] S phaseol] 4] G2 phase F3tol] AH cyclin B
= A d29} complexE B AsHA =SS k7wt
cyclin HE A= complex activating kinase(CAK)o]] 2] 3|

stobE of 39l : migtoll AoIM MEFI|xH ciefFo| oj4 163

A3 o] BAI3E A4S HAZ 2geiA "o TR
o|FA st A& MR cd2e A8 dRAES QA
3}A17]=8] M phase E¢F cde2ell oJsted QA S = oF
WA ol|= histone H1, nuclear lamin, vimentin @ cal-
desmon 5o| et o]59 QA= 27} chromosome
condensation, nuclear lamina disassembly, intermediate fil-
ament disassembly 3} microfilament reoganization®l] Z 83}
o} 2el3 oj#ldt Y4ES M phased] Aol Fa3t
Aoz A Ynt” AR T p6o™, p150™ Y
casein kinase I cdc2oll &J3to] QAMS}E|L} M phase &l
3ol glofA] olF DAL 75 dHA YA Yt
AZA $4229 Z77 AAED odin B} AL
ubiquitin pathwayell 2Jsl] Eafl=E]o] dc29] AL =
A= 2 olojA AFEA Edo| YojuhA A,

EF5EY AEEL GIs DANAE FE set] oy-
clin/edk complexE ©]-&3te] AEF7|E z2AsA A}
A 7R ATFZ cyclin D, E D C7} G gHAlNA s
A2 AePE| s Fasichs Aol FHAA Hylek ™",
cyclin DE(D1, D2 Y D32 growth factor 52} &3 Al
29 3ol Sletel 7 4ol FATLH FL cds
U cdk6®} complexS ALY, AEFTY G1
phaseol] cyclin D MTHe o7k %7 cyclin E7} WIS &
B OIAL k2 complex® AT, ALEA7 s
phase2 ‘doiZtell wel odin E DAL Bsn
cyclin EAllA] 2" cdk2= oydlin A%} Hj}sl] 1 FAo)
FA4k

ols} 7o) AEZAE yelindh cdk Foll SJehe] 34
ZAE7] g Fell 0|59 o4 wH e Fake] Ao
¥AY Aoz AyztElo] ol 94 o] Bopo AR
7t AREG =Y AR d72 7P, A &
¥ St o HEHEAA 7 odin S
dol olF FFo A4 it Ao LA
et & AFAA 9] YZFoko) glojA e AEF
23239 ol e A7l st cyclin E7} low
grade®] YZF ol A= 22l high gradeoll A& It
dEo, o] o] Wiy Herl o F s A7 9
ek

E 979 292 2 o el el AE AT
274 DAL o] o] FUdH AT TAE o]
Ae AL ¢ & Ued 53 oddin E9] L 24
H RE FLelA HAlsgl7] i Eell sigtel] gt
EAAZ 889 & 9on, T3 antisenseE o] L&
FRAX SR} 2 A2 XEY LS g8 gy
TRALE 248 F AL Aol o} E A7E 9
YA olg AETFVN2A AL Fwde] §A%}
9] FF(amplification)o]t} §-H 2] A Ftranslocation)ol]



164 otFelst: H2A H2E 1997

o3 2AQ Ao i AFE A& ojo & Aol &
g i E-E9) =9 234 cycin E7} FhdE s o g17]
wlFoll o] A& o] 83 Y =2 Fde A ¥etel
EAs]ojo} & Aoz AZEed /MY E43 FAA
ol W9l st E EAol| A9 ELISAE F38 o] A
9] o] 458 Aoz AgH A4S Axg ¥
A 1 7FsAel AFEa I p53 A A
YA 4 Ao 7H53817] AMAE o] PlFY Ed
wolol] o3t utdo] HFH Qb0 cfFE9] ¢
S|4 9] Eddo] X} 50% ol3} o]7] wlFel & &
Aol A7} it s 28y B dFellA wEA
ulg} 7o) cyclin B ulHE9] H¢zF 4] s
o] 9& Batohg e FAxst A=A w2
o AAs}7] djfell AE o] &3 oclin B9 B E
o] Hge) At AGHo 2 ALH F Y& A2
Z 7l

E<| =

sgke] whloll AEF71 278 S8 eyclin DI} E
22l cde2 U cdkd®] o] 4 WHo] BATIo| Yo,
53] oclin BE SIgol o AVEAAE 45 F
& BEZ Aehsl Fgaslo] glo] sl 714
& e APk ocin B UL o] 3 WA
Sol 49 ELISAS B3 o] wde] 4 % g4l
Jsloll vh AFE Agslolol B Holeh

1 g 8

1. Hunter T and J Pines: Cyclins and cancer. Cell 66: 1071-1074,
1991

2. Hunter T: Oncogenes and cell proliferation. Curr Opin Genet
Dev 3: 14, 1993

3. Wang JX: Chenivesse, B. Henglein, and C. Brechot. Hepatitis
B virus integration in a cyclin A gene in a hepatocellular car-
cinoma. Nature 343: 555-557, 1990

4. Quelle DE, RA, Ashmun SA. Shurleff J-Y. Kato D. Bar-Sagi
MF, Roussel and CJ Sherr: Overexpression of mouse D-type
cyclins accelerates G1 phase in rodent fibroblasts. Genes Dev
7: 1559-1571, 1993

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Motokura T, T Bloom, HG Kim, H Juppner, JV Ruderman,

HM Kronenberg and A Arnold: A novel cyclin encoded by
a bcl-1 linked candidate oncogene. Nature 350: 512-515,
1991

. Matsushime H, MF Roussel, RA Ashman and CJ Sherr:

Colony-stimulating factor 1 regulates novel cyclins during the
G1 phase of the cell cycle. Cell 65: 701-713, 1991

. Keyomarsi K, N O'Leary, G Molnar, E Lees, HJ Fingert, and

AB Pardee: Cyclin E, a potential prognostic marker for breast
cancer. Cancer Res 54: 380-385, 1994

. Gong ], B Ardelt, F Traganos, Z Darzynkiewicz: Unscheduled

expression of cyclin Bl and cyclin E in several leukemia and
solid tumor cell lines. Cancer Res 54: 4285-4288, 1994.

. Laemmli UK: Cleavage of structural proteins during the

assembly of the head of Bacteriophase T4. Nature 227: 680-
685, 1970

Nobury C, Nurse P: Animal cell cycles and their control. Annu
Rev Biochem 61: 441, 1992

Fisher RP, Morgan DO: A novel cyclin associates with MO15/
CDK7 to form the CDK-activating kinase. Cell 78: 713-724,
1994

Makela TP, Tassan JP, Nigg EA, Frutiger S, Hughes, GJ,
Weinberg RA: A cyclin associated with the CDK-activating
kinase MO15. Nature 371: 254-257, 1994

Nigg EA: Cellular substrates of p34cdc2 and its companion
cyclin-dependent kinases. Trends Cell Biol 3: 296, 1993
King RW, Jackson PK and Kirschner MW: Mitosis in
transition. Cell 79: 563-571, 1994

Sherr CJ: Mammalian G1 cyclins. Cell 73: 1059-1065, 1993
Sherr CJ: G1 phase progression: cycling on cue. Cell 79:
551-555, 1994

Xiong Y, Zhang H and Beach D: D type cyclins associate
with multiple protein kinases and the DNA replication and
repair factor PCNA. Cell 71: 505-514, 1992

Meyerson M and Harlow E: Identification of G1 kinase activity
for cdk6, a novel cyclin D partner. Mol Cell Biol 14: 2077-
2086, 1994

Matsushime H, Quelle DE, Shurtleff SA, Shibuya M, Sherr
CJ and Kato JY: D-type cyclin-dependent kinases activity in
mammalian cells. Mol Cell Biol 14: 2066-2076, 1994
Dulic V, Lees E and Reed SI: Association of human cyclin
E with a periodic G1-S phase protein kinase. Science 257:
1958-1961, 1992

A9, sphE, AR, v A ¥, J3g, A8F 4
33: NonHodgkin JZENA S Cyclin ES) 2. thgshHet
3]A) 47(suppl.1): 121, 1995



