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Purpose: Recently, many aspects of biological functions of cyclins, cyclin-dependent
kinases (CDKs), CDK inhibitors and Rb gene have been reported, and the cell cycle
control genes are considered to act important roles in tumorigenesis. In this study, the
expression patterns of major cell cycle control genes (cyclin A, B, C, D1, E, E2F, p16INK4",
p21%**" and Rb) in various human cervical cancer cells were analysed to elucidate the
impacts of the cell cycle control genes on the carcinogenesis of human cervical cancer.
Materials and Methods: The expression patterns of major cell cycle control genes in
HT-3, C33-A, HeLa, C4-II, SiHa and CaSki human uterine cervical cancer cells were
analysed by using western blot and reverse transcription-polymerase chain reaction
(RT-PCR).

Results: In most of the cervical cancer cells tested, the overexpressions of cyclin A, E,
E2F and markedly decreased expression of Rb tumor suppressor proteins were observed.
By comparing RNA and protein expressions in each cancer cells, the mechanisms of
increased expressions of cyclin A, E and decreased expression of Rb were elucidated as
post-translational controls.

Conclusion: The cervical carcinogenesis caused by the altered expressions of the major
cell cycle control genes can be hypothesized as follows: overexpressions of cyclin E and
A cause acceleration of Rb phosphorylations and E2F overexpression; increased E2F
function accelerates G1/S transition of the cells; compensatory increase of p16mma
expression cannot stop the cells in G1 phase because Rb expression is severely decreased;
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consequently, loss of Rb function, G1 shortening, inappropriate cell division and decreased
function of the maintenance of genomic stability occur. In addition to these alterations,
loss of p53"T functions further accelerate instability of genome and decrease the sus-

ceptability to cell death. Furthermore, overexpression of Bcl2 protects these abnormal cells
from apoptosis. All these derangements of cell cycle control should contribute to the

human cervical carcinogenesis.
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olzk AFZ7HQl MEZQ] HT-3, C33-A, Hela,
C4-1I, SiHa % CaSki A EEE v} ATCCol| 4}
Bokulo]l A83l9)u], HT-3, C4-I, SiHa I
CaSki A|EE52 10% fetal calf serumo] ¥H-=
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3) Sodium dodesyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) 3! Western
blot £44
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pote A&, Immobilon) & A7) o] (electrotransfer)2-
Algslgich A 7]l E% HE E Blotto§4(5% 2
Ago] {3 TBS-T SFR)oll Yol 4°CellA] 3}
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st GAEA FAA )l 247 F3 TBS-T
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14172 $9ich. o] thA] TBS-T $3foz A
214t ¥ Enhanced Chemiluminescence A}2F(ECL,
Amersham#A} &) g wks3A]7| 31 autoradiography &
A A% & el bandE densitometerE A 2519
o} X5 v Santa Cruz (cyclin A, cy-
clin D1, cyclin E, E2F-1, pl16, p21, Bcl2), Phar-
mingen (Rb, p21) ¥ Oncogene Science (cyclin DI,
p2)AEE Al

4) Reverse transcription-polymerase chain re-
action (RT-PCR)

AZ7AE AAEFAN ZF MEFY) 25
AZAEY Y-S 2437 3t RT-PCRE 4
Al&tlth. RNA £2]= RNAzol BE A-83le] £
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A F A831%ch. cDNAZHA S 2al%l RNA 2

Table 1. DNA sequences of PCR primers used in this study

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 B Sense 5-CCATT ATTGA TCGGT TCATG CAGA-3 585
Antisense 5-CTAGT GGAGA ATTCA GCTGT GGTA-3

Cyclin C Sense 5-CCTGT ATTAA TGGCT CCTAC ATGTG TG-3 510
Antisense 5-GGTTG CCATC TCTTT TCTCT CATCG A-3

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

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

plemKe Sense 5-ATGGAGCCTTCGGCTGACT-3 464
Antisense 5-GAGCCTCTCTGGTTCTTTCA-3

Rb Sense 5-ATGTCAGAGAGAGAGCTTGG-3 579
Antisense 5-GTGCACTCCTGTTCTGACCT-3

p53™T Sense 5-GCCATCTACAAGCAGTCACA-3 554
Antisense 5-TTCAGCTCTCGGAACATCTC-3

p21%AF! Sense 5-CGGGATCCGGCGCCATGTCAGAACCGGC-3 509
Antisense 5-CGGGAATTCGTGGGCGGATTAGGG-3
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pgS oligo dT (16 men) & A&}l 40 pl S0
2 oA A(reverse transcription)E A} s¥stg e}, uk
+E2gH =42 RNA 2 ug, 5 mM MgCly, 50
mM KCl, 10 mM Tris-HC! (pH 8.3), 1 mM dATP,
1 mM dTTP, 1 mM dCTP, 1 mM dGTP, 1 U/ .l
RNase A A|(Perkin-Elmer#]-%), 2.5 Uf z1 MuLV
A A & A (Perkin-Elmer#|&), 2.5 xM oligo dT
(16 menZE, ¥Hg AL 42°C 14|17}, 99°C SE,
5°C 5802 3l¢lc}. PCRE 10X ul-g gh&Eoli(15
mM MgCl;, 100 mM Tris-HCl pH 8.3, 500 mM
KCl) 5 yl2} 10 mM dATP, dTTP, dCTP, dGTP 7}
1 p14, 18]2 30 uM sense 3 antisense primer
€ 474 1 p1F Y& EFEA 1 pl9] HEEAR
cDNA yh-3- EHF} 25 99 Taq FHEA
(Perkin Elmerd|$)E Y& ¥ &=HF2 50 ulz
f8kg w33 30 412 mineral oilg =3 F
DNA thermal cycler (Perkin Elmer#|E)E Al83}
o] PCRE A} ict. FFH PCR AHE 10 ulE
1% agarose geloll A7 FEHT ANBAE & ¥
densitometer® DNA bandE H-4]38}9it}. RT-PCR
o 48R AT FAAEY primerddsHde
Table 13} 7o},
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) A2dF HMEFOAM cyclin A, DL, E 3
E2F-1 chej@lo| Qe

Cyclin AREL Yol 443 BE 427
B QAEFNA ¢ 48 Bgrh Cyclin DI
SR RS FAEFA B U B
gout, HT3%: o4 4¥g Heh Cyclin B
WYL Caski§ AT BE FAEFoNA oS
A B BT, BF1 PSR ¢
AEFolA 744 H8e Rort CI-AE ohi
oFg WHE BcFg. 1.

2) Xt2HY LMEFOM p16™*, Rb ¥
p21™" chfF ol W

p16™%* clulg e C33-A, SiHa 3 CaSkidl] o]

Cyclin A

Fig. 1. Western blot of cyclin A, D1, E and E2F-1 cell
cycle control proteins in human cervical cancer
cells. Lane 1: HT-3; lane 2: C33-A; lane 3: HeLa;
lane 4: C4-II; lane 5: SiHa; lane 6: CaSki.
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Fig. 2. Western blot of p16™**, Rb and p21¥4" tumor
suppressor proteins in human cervical cancer cells.
Lane 1: HT-3; lane 2: C33-A; lane 3: HeLa; lane
4: C4-II; lane S5: SiHa; lane 6. CaSki.

A "G wEHF7tE Bk RbebA -2 SiHa
£ Algsiaie tifEo] o wWHE HYed,
HelLa 3] CaSkiM|¥ollAd& LS A9 & 4
3, HT-3 9 C33-AX of-$ o3t 2d-E ¥t
p21™4 A B AgzAstedE HEE R
o3kt (Fig. 2).
3 XSER AMEFOM Bel2EHYF Q| Wi
Bel2xh§ 42 Hela] ol @3 wdZS7)
E H33, CI3-AcA L Faldh g Hgoy
U A] A EFoA = HEE A9 JFE F
U cHFig. 3).
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Fig. 3. Western blot of Bcl: anti-apoptotic proteins in
human cervical cancer cells. Lane 1; HT-3; lane
2: C33-A; lane 3. Hela; lane 4: C4-II; lane 5:
SiHa; lane 6: CaSki.

4 Xt2PT LMEF0A cyclin A, B, C, D1
3 E RNAQ| W#l

GAPDHY RNAZ#Z W=zF o 24, bande] ¥
717t E¥33 el Cyclin A RNAE & AESF
ol A wvls:3k WElg 29l Cyclin B RNAE
CaSkig A&t BE QA EFNA 743 4 S
Heleon, cyclin C RNAY HT-3 9 C33-Adjl4 7
& w+el-g 2gch Cyclin DI RNAY SiHaollAl &
g Wyl 4 E 2}l Cyclin E RNAE B2
o] FAEFIA ulme WHL Hg o} CaSki

oA AT WHAFALE EucHFig 4).

5) K12 AMEFHAM p16™**, Rb, p5s3""
5! p21 RNAQ| WI#

pl6™** RNAE RE QM EZEdA] 73 wy
< 29th Rb RNAE C4-IIE A& RE k4

FollA HAg BdALE BHch p53 RNAE
SiHaoll4] ®A3 wEztAE wBygoh pa™
RNAE O3] GAEFoIA vl Leg B
Qovt C33-AdlAE A WHRLE BA
(Fig. 5).

6) Cyclin D1, E, A ¥ E2F NIEFJ| =30l
X-&@2| RNA 3 CHgE B8 Him

Cyclin D12} 73$-, RNAS] ¥ F8ig £}
7t 1AL, SiHa9} Z2o] o3t Wy g HolwulE
Eareta, e A e GAEFA 7t
nhel g i?&‘:} Cyclin E¢] 7 $-ol| = RNAS] #¥
< F% F77t elAY, CaSkigh 7ol ofgh W
#-g Holsdlx B, chd dfEe ¢

GAPDH
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Cyclin D1

Fig. 4. RT-PCR of cyclin A, B, C, D1, and E mRNAs
in human cervical cancer cells. Lane 1: HT-3; lane
2: C33-A; lane 3: Hela; lane 4: C4-II; lane S:
SiHa; lane 6: CaSki
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Fig. 5. RT-PCR of p16™**, Rb, p53 and p21**" mRNAs
in human cervical cancer cells. Lane 1: HT-3; lane
2: C33-A; lane 3: Hela; lane 4: C4-II; lane 5:
SiHa; lane 6: CaSki
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Fig. 6. Cyclin D1, E, A and E2F expressions in human cervical cancer cells. HT-3, C33-A, HeLa, C4-II, SiHa and

CaSki: human cervical cancer cells
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16™“2] A$, RE FAIEFN A RNASH T
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242 Rgoyt AL Hx3 UHHRLE B
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e 938 &% wHEZFsE Byl p2a™M
RNAMFE S C33-AdlAlE #A3 UeRA4LE B

ou dRE9 GAXEFAAE v YH S
Bgow, chujzle] Wiy B AgzAsdie
HEE A &%vHFig. 7).
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Fig. 7. plém(“, Rb, and p21wm tumor suppressor gene expressions in human cervical cancer cells. HT-3, C33A, HeLa,

C4-1I, SiHa and CaSki: human cervical cancer cells

Table 2. Major cell cycle control proteins showing remarkable changes of the expressions in human cervical cancer

cell lines

Name Names of cell Cycle proteins Bel2 53 Types of
of cells increased decreased ¢ p infected HPV*
HT-3 cyclin A, E, E2F Rb decreased mutated -
C33-A cyclin A, E, E2F Rb increased mutated -

HeLa cyclin A, E, E2F Rb increased wild type HPV-18
C4-1I cyclin A, E, E2F Rb decreased wild type HPV-18
SiHa cyclin A,D1,E,E2F - decreased wild type HPV-16
CaSki cyclin A, D1, E2F Rb decreased wild type HPV-16

*data from Munger K et al., 1992 (Reference 23)
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