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Human papillomavirus(HPV) infection is one of the common sexual transmitted infections
in Korea, and evidence that HPV plays a central role in the development of cervical cancer and
its precusors is growing. HPV is a small, double stranded, non-enveloped DNA virus that infe-
cts epithelial cells, replicates within their nuclei, and causes hyperproliferative lesions. HPV ty-
pe 16 and 18 are most strongly associated with high-grade lesion and cancer of the cervix.
HPV DNA is integrated into the genome of the host cell in most invasive cancers. Integration
usually results in disruption of the viral transcriptional regulatory circuit, which may faciliate
cell proliferation by allowing deregulated expression of the viral oncogenes E6 and E7. The high
risk HPV E6 protein can form complex with tumor suppressor protein p53 and faciliate the rapid
degradation of p53 via the ubiquitin dependent proteolytic system. The high risk E7 protein bi-
nds pRB related proteins and then displaces E2F like transcription factors from pRB related
proteins. By inactivating p53 and pRB, HPV can induce proliferation of infected cells.

In order to elucidate the association between HPV infection and the expression of cyclin
genes in cervical cancers, we studied the prevalence of HPV infection and the expression level
of cyclin genes(cyclin A, B, C, D1 and E) in nine cervical cancer samples.

The presence of HPV infection was examined by RT-PCR and restriction enzyme analysis.
HPV was detected in all cases(9/9) ; HPV type 16 was detected in 6 cases, HPV type 18 in 2
cases and an unknown type was detected in one case. The expression level of cyclin genes were
evaluated by semiquantitative RT-PCR method. Expression of examined cyclin genes(cyclin A,
B, C, D1 and E) were increased in all cancer tissues, and cyclin B and C expression were rema-
rkably increased. There are no differences of expression levels of cyclins depending on infected
HPV types.
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AZ ARG dA e PG gou BA7A
B AFEAEY 98 A&FFutolziA(human
papilloma virus, ©]3 HPVE )71 2374 ¥-¢te
Z28 94AARE JZH1 ik HPVE ZHAE
of #gso]l AT ¥Uctelx BAHY AEIHF
A8 L}ell]+= small double-stranded, nonen-
capsulated virus2A AA7IA F7INEEH ¢
& o 70712 Ho] &2 AQthHAdimora & Quinliv-
an, 199).

HPVS AZ23% 49 AATFAE BAFE B
A7 Eo] Ao MUHT Jlon 53 43y g3
oA 2303 AxY AFAFol¥Fo UL FAL
ZoA nxolgFoz AYPH #A F 85 %7t HPV
-16, 189 #4d=lol 3109 (Campion et al., 1986)
=3 HPV-16, 189 AZ4E#E de 4T
A HZgERg 1HyY 22 150859 &
2 pole Aoz By YMKoustky et al., 19
92). 43 A7 tEe] B AYAT AAEE
ol @ AAWAE AA}L Ut ATAFLe &
90%NA L¢P HPV(type 16, type 18)¢] DNA
7} A%&=nv(zur Hausen, 1991), Ax=9 AF73%
A FE oA HPV7L §AA 5 (episome) el
2 EZAF) wdtd i J&Y ATEEY
M HPVY §3A7 Axeo 944d integration
5o} QtH(Durst et al, 1985). HPV §3A71 A X
o] 99 integration® Wolt oif-B AR
S+ A4=1 HPVY early gened! E6, E7 #3A
E ddFog BEH B6 ET fie uz33
W] Yol drh(Baker et al., 1987). E6, E7 @9 d
& Axe MxFrizd 9 apoptosisd "¢ F8
§ <149l p53, pRB w¥l# AR3dY 71544 E
53 p53 B9LE cyclin dependent kinase(CD-
K)-cyclin @49 71%5& A3 pa* e A
ARz E6 B¥o] AEEHT ubiquitin-depend-
ent proteolysis®] 2}8] 35w (Foster et al., 1994
; Thomas et al,, 1995) E7 ©@¥-& pRB 9¥z &
§3le E2F-related protein® pRB$}e 2#S W
# 8tch(Pagano et al, 1992 ; Slebos et al, 1994).
A2 MXY G714 S7|2e] Holg YA FE o
2% p53 ¥ pRBY 71544 HEFV9 §43)

g #5344 Hoj g3tel Fad q%E A€
Hxe Bde Gl S, G2, M 7|2 FASc ¥9
o B F AXFIE AHX olFo4AH HIZJ ¢
A HNEEAFIE 2ASe FAAEC] Bo] W
A1 9ot Cyclins® cyclin dependent kinases(CD-
Ks)e AXEAF7] 23 UAAERA cyclin® AX
FAF719 4 F7eAN Eio] BolFoz FUY
7t ZAade CDKEHR A#stY MAEF7|Z2Ed
#odshs Aoz g JYAMEY cyclinE&
A type, B type, Gl cyclins(C, D1-D3, E) o] ¥
& thLock & Wickramasinghe, 1994). Cyclin
At DNA ¥4 A&{2A%E 2859 prophase”t
A Z7V8t}7t metaphased] AEEv], CDK29 2
8} Cyclin B& S7) F4RE F71817) A#3
o} metaphased] A7) A~HEw p3iol A}
1, cyclin C& G17] $¥5oA dddtn 42
slck. D type cyclin® D1-D37} glew o] £ D1
& G17] Fuiio] 713 #¥o) 713 CDK2, C-
DK4, CDK5¢t ZA#3td G1-S Aojel #¥dn
A2t 1 Qo) Cyclin EE G17] 8% 718k
Gl7] 39/S7) 24N 71 BE Wdo] o] Fo
Ao CDK2¢} Agshe Aes ¥elx thMotok-
ura & Arnold, 1993). °l&| 3 cyclinEe 3473
o] AL oA FAGA dA7HD UG
(Hunter & Pines, 1991 ; Bartek et al, 1993 ; Gong
et al, 1994 ; Hartwell & Kastan, 1994 ; Lukas et
al., 1994 ; Morisaki et al, 1994), 84 @& 443
A o] AN AHgrowth factor) S} MEF71E 94
s HEEG7|AS AFse g9 7L
oz gEzon, PAFAAEL AXF72AVNA
& 53 HIEGL dAFczA WS AT
o Y8R Jok(Marx, 1994). £33 53] ¥ F
#9 golAE cyclin #AAY F23 dshy g
#o| g2lo} BHol = AoR WA A cyclin
& ¢RAAE By e S ol R d2A=
7+, BHAA M ZF (parathyroid adenoma), et
5% & & A9 1gddMe BE Hgutolz 27t
AA3 9 cyclin A §HA F90l integration® ]
ALL B oy} glen(Wang et al, 1990), &
AN AFANE FAAANWLA o8 F3A
528 {AZPTH gene)$} AZHY ¢4& Fud
ot ¢#13d PRADI(parathyroid adenoma 1 ge-
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ne) $AA7} cyclin D1 fAAYo] W3HH Moto-
kura et al, 1991). #*#¢od4E cyclin E 3849
%3 YUI77L s @At sdgel Rugo
1 (Keyomarsi & Pardee, 1993 ; Thomas & Tho-
mas, 1994 ; Keyomarsi et al., 1994). £§ 235
& MEFA cyclin D18} LA f42 AQuid
= 239 vl lon(Kurzlock et al, 1995) 43¢
Aot EQ NIH 3T3 cello] HPV E7 $34} tra-
nsfection?] cyclkin E9} cyclin A #AAe] ¢E3
7t F=8E BaHo] QltHZerfass et al., 1995).

ARE AZHEGAN HPYV 249 J=§ ne
83 cyclin fAAES HHoFE 2ARIY =§
HPVZE T cyclin #AA AR BAE A7)
A3 AFHERY EAAM B 234 RNA
€ Bt 9AA FRE2E49-2 (Reverse Tra-
nscription-Polymerase Chain Reaction, RT-PCR)
o2 HPV typing# cyclin mRNAY ¥H4 %3
4 AP}

I. A3 X Yy

1 Alga

A FAsd AN 19959 10
HollH 1996d 397A) AsLL, FHAd Nawge
HEo] gl AZARY 849 G=zAn PPz
€ 44 dao] REY ¥ RNAE Eesid 279
Fo2 18S ¥ 28S rRNAE XHo} RNA7} #35=
AL FAY 999 {22 RNAE uldez
APsgo.

2. RNA &2l

Z&L& 100mgol RNAzol B(Biotecx Laboratori-
es, Inc.)E& 2ml ¥ homogenizer2 15,000 rpmel
A 3EAE 2FHE WAL, 2AEHY 2miT
02ml9 chloroform& W1 15&%3 & E¢3la 4T
o 587 Fk o)A L 12000rpm, 4TE 158 o
Aste AEdL A tube2 &7 F $%9 2-pro-
panol& ¥3 70T 22)7t whx]&9it). ol 12,000
mmol4 4TZ 158 943 RNAYAIE de ¥
75% cold &2 M 33} seedvac concentrator
(Savant Co, US.A)A 582 A=A -2 o7
o] diethyl pyrocarbonate(DEPC)Al2]€ &< 100

plE ¥ 5UF UV ERR=AzZ 55 R £&
€ 33832 -70C9 B#3}9cHChomezynski &
Sacchi, 1987).

3. cDNA &4

¥2 ¥ RNA 4u4g8 oligo dT(16mer) & A}2-3}
o 40 ] 8§32 AAMreverse transcription)&
ANt wEEHAY 4L RNA 4 4g, 5mM
MgCl, 50 mM KCl, 10 mM Tris-HCI(pH 8.3), 1
mM dATP, 1 mM dTTP, 1 mM dCTP, 1 mM d-
GTP, 1U/¢1 RNase inhibitor(Perkin-Elmer Cor-
poration), 25U/u#1 MuLV reverse transcriptase
(Perkin-Elmer Corporation), 25 #M oligo d(T)
2, gEUE 42T 147 9T 58, 5C 5802
Lo =

4. HPV &9I012 & RN 98 PCR

JAAE BHEE 1418 A3 50419 PCRE
N#ao HPV Zdols g WHALE A8,
3%5%9 PCR N2 (primer)& Toh et al(1992)]
e} Azete AT, FeAds dgo) Jdn
g2 1 Y= HPVYY 16%, 18%, 318, 333,
52b%, 588 §<] EG/E79] open reading frame(O-
RF)& %Z37 9184 5 TGTCAAAAACCGTT-
GTGTCC3 (CP-1) ¥ 5 ‘GAGCTGTCGCTTAAT-
TGCTC3 (CP-2)& AH4-3tglem, HPVI6YS E7
ORFE dd3oz FE37) YYME 5 ‘GCAAC-
CAGAGACAACTGATCS (SP16-1) 2 5 ‘ATTG-
TAATGGGCTCTGTCCGS & AHgdi@on a8z
HPV18¥¢| E7 ORF& A€ do g ZZs}7] 9A
5 “TCACGAGCAATTAAGCGACT3 ¥ 5 ‘CTG-
AGCTTTCTACTACTAGC3S & AH8-3t3ich. CP-1
9 22 FZd PCR 2L ATEA Avalld 93
A HPV163(157 2 81 bp), HPVISY (172 % % bp),
2|3 HPV33(136 % 108bp)e] F¥Em, Rsalol
& He HPV3IE(119 R 114bp), Bglll ol <j3)A
£ HPV52b(175 @ 55bp), 283 Accldl d3ME
HPV58%(126 ¥ 118bp) T ¥¥& ¢ + o
HPVI6 % 189 MU FOZ Caski ¥ HeLaAl
X339l DNAE o]&38 %9 HFujinaga et al., 1991).

5. mANAS] BtE B B4E P&t PCA
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PCR<& 10X reaction buffer(15mM MgCl,, 100
mM Tris-HCl pH 83, 500 mM KCI) 5 z19} 10 mM
dATP, dTTP, dCTP, dGTP 2} 1414, 0.25 uCis}
alpha-32P dCTP 283 30 M sense ¥ antisense
primer(Table 1)& Zt2t 1 418 92 mixtured] 1x1
9] ¥t cDNA uHSEYHED 25 unitd Taq
polymerase(Perkin Elmer Corporation)& %<& ¥
ST S0u12 &% S B3 419 FF(min-
eral oi)& $%% ¥ DNA thermal cycler(Perkin
Elmer corporation)& AHg-3te] PCRE Al et
DNA denaturation® 95T 1%, annealing® 60T 1
¥, extension 72T 2822 3o GAPDH #3A
ZZ& J¥Me 2cycle, cyclin A, B, C, DI, E
FAZEY £5& HAMHE 8 cycled A HESAT
ZZ3 PCR AF 10 #1E 5% polyacrylamide gel

Tabel 1. PCR primers

2% 9

of HZ1YEE ¥ XHEE| 154 #FAY ¥
B3t ¥4E ¥E9 bande GS 300 scanni-
ng densitometer(Hoefer Scientific Instruments)#
AgEle FE8 23594

mz B

¥ ¥ RNAE 7719%3t« 185 % 285 rRNA
band& Rol HAEHA gL AFAHEY RNA 939
A AZ2ARZH 2 RNAE o HAM(reverse trans-
cription)3te] A § cDNAZ 4¥ €& Algs%d

HPVY 73 ¥E4AE 18t HPVY 16, 18,
31, 33, 52b, 58¢] E6/E7 ORF& 2Z¥ & gle ¢
%] A4 (consensus primer)EAH43t RT-PCR
€ AH4F ¥ o]8 APEA Avall, Rsal, Bglll, Ac-

Genes Sequnces Product size[bp]
Cyclin genes

Cyclin A Sense 5 CAGAA TGAGA CCCTG CATTT GGCIG 3 615
Antisense 5 CAGAT TTAGT GTCTG  TGGTG GGTTG &

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

Cyclin C Sense 5 CCIGT ATTAA TGGCT CCTAC ATGTG TG 3 510
Antisense 5 GGTTG CCATC TCTIT TCTCT CATCG A 3

Cyclin D1 Sense 5 ACCTG GATGC TGGAG GTCTG & 402
Antisense 5 GAACT TCACA TCTGT GGCACA ¥

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

GAPDH Sense 5 CGTCT TCACC ACCAT GGAGA & 300
Antisense 5 CGGCC ATCAC GCCAC AGTIT 3

HPV

CcP Sense 5 TGTCA AAAAC CGTTG  TGTCC &
Antisense 5 GAGCT GTCGC TTAAT TGCTC 3'

SP16 Sense 5 GCAAC CAGAG ACAAC TGATC 3 115
Antisense 5  ATTGT AATGG GCTCT GTCCG 3

SP18 Sense 5 TCACG AGCAA TTAAG CGACT 3 158
Antisense 5 CTGAG CTITC TACTA CTAGC 3

‘24&)_



~A2 735l 34oAA Cyclin 249 HE-

300
200

cleg Adde AGEA9 A7)§ vimdte ¥¥
HAHE A998 2w, 98 2FA HPV #gel %
£ Ae2 Jehgen 63 HPV 163, 28+ HPV
1p8Y, UrA 18 o APz Heds Qv
HPV 16, 18, 31, 33, 52b, 588 ¢]$}e] HPV %th.
HPV 16%, HPV 18% ¢ 50|§ primer?! SP16 pr-
imer9} SP18 pri-mer2 ©A] RT-PCREZ HA}3o
e A7t FAHUG(Fig. D). AFAEYE =3
RNA 9219} HPVS #9e] gl&& &I A3 &
%3 RNA 1H& AHE-3 cyclin A, B, C, D,
E §2Ax¢ 4o g3 w3 FH RT-PCRE A3

Fig. 2. RT-PCR analysis of cyclin A, B, C, D1, E and GA-
PDH mRNA expression in normal cervical{lane 1]
and cervical carcinomallane 2-5] tissues.

s Fig. 1. HPV typing of clinical samples, 2xg

carcinoma RNAs were reverse transc-
ribed with oligo-dT[16mer] primer. The
reverse transcribed cDNAs were amp-
lifled using CP- 1/CP-2 primer pair
(A) and digested with Avall[B), Acc-
I and Rsal[C). And the cDNAs were
amplified using HPV type 16, 18 spe-
cific primer pairs{SP-1/SP16-2, SP18-
1/SP18-2][D]. M, 100 bp ladder size

MO M M | | M1 | M
7.

39N (Fig. 2). %8 RT-PCR 4H&& polyacryl-
amide gel2 A7)9F3 X-HYUEd] =&3o &
& autoradiogram® densitometer® #4349 cycl-
in Z4Zte] FE& densitometer2 ¥43l9 GAPDH
¢ FEE UXTOE 3o HAF F FPAZTAR
9) cyclin W@ %Yate] v 22 Ai3YcHTable 2).
Cyclin A, B, C, D1, EE 438 A33Rgz4 &=
TN A3 AFARZY By Agkgor v F
A Reg Yehgon, cyclin B9 Co $¥%7)
7t FR39d. A9 HPV ¥gd w& qule
AP Ao)E 2AY & A

Table 2. Ratio of expression of cyclin genes'

Gene
Cyclin Cyclin Cyclin Cyclin Cyclin
A B C D1 E
Tissue samples’
1 1 6.4 6.8 24 43
2 1.1 73 11.9 2.8 5.2
3 1.7 7.6 11.2 2.6 6.4
4 1 6.7 84 -8 4.7
5 6.3 6.3 -~ 1.5 3.2
6 2.4 6.1 109 24 48
7 1.2 5.1 6.1 2.1 4.1
8 1.6 4.3 5.9 1.7 35
9 1.5 3.7 - 2.5 33

'The ratios of RT-PCR products of cervical carinoma ti-
ssues to normal cervical tissues were measured by de-
nsitometry.

“Tissue samples 1-6, HPV 16(+) ; tissue samples 7-8,
HPV 18(+) ; tissue sample 9, unknown type HPV(+)
*Non-tested. :
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ol dtolMe AFAE-SNA HPVSY Zgst Al
EF712E @8 R84 cyclin GdAe] BAE
AZAEYE @AM EeE 23& g2 RT-
PCRY& AMg-3te AR AL HPV #Yi%§ =
AH37] $3te] RNAE #2139 RT-PCRYLZ 3
Atete Ag3E-< 98 F 6ol HPV 169, 24
oAl HPV 188 223 uuvx 134 HPV 16,
18, 31, 33, 52b, 58% ol8le] Thg HPVHY #9
Ae Aoz eyt of 4¥dMe 2FqM £
2% DNA7ZI obd RNAE Al83l9 RT-PCRE Al
31 E£F consensus primery E6/E7 ORF&
SP16, SP18 primer< E7 ORF& #3322 § prim-
erc|l2g ol Ade AYHUE HPVIAAN &3
of #&o] & E6, E7 mRNA7} utEolAy uje}
A 3tad 39l E6, E7o] 9o A3 Qlthe
g oujdAdd.

2&E&L AZTRRYE 39X DNAE H33id
PCRZ #&§ o& 4¥(Fujinaga et al., 1991)3}
A& o] ui£ddo. HPVE Zgx7U Axy 3
Y FFdME episome FEIZ EA3ATN 1E
BHUNFSolt AEHATEARY AXgNEe dE
o] M2 G4Ael] integrationd] Ut ¥
A} (Durst et al,, 1985). °]Z vlFo] B o 4Y
dige] Aol w3 Tslrle oPAT DNAE
o] 8- HE& &3 RNAE o8¢ A&&o] visdy,
of AYPAA ALRF ATl AFAPole= AL
vl3o] & W NES G449 integrationH= ¥
¥9| HPVE B6, E7 4348 dddte 3g
% & gtk

HPVE @A7A 42 A7dAg0 o3hd ¢4&
fdde vlo]lH 28 W AY. 2 s de A
&3 WA ANgoy HPV/ H¥3e E6, E7°l
4Y4F o2 ph3, pRB F#9 Fa@Ad 93
NMEF712ME ATANFALZA 43ld) FHHH,
p33, pRB §& p2l, E2F 5& %3lo M¥F7]23
7Z1Ae] #eAsmZ HPVe 9§ E6, E7T #AAS
HEE HEF7Y HE HAHL(Pagano et al,
1992 ; Foster et al., 1994 ; Slebos et al,, 194 ; Th-
omas et al., 1995). o] 4¥oix HPVY Zgdl o}
€ cyclin A, B, C, DI, E9] #3x d#e HiE

5% 9

B8t AY§ $-AFH RT-PCRAA cyclin
A B, C Dl Ext 4¥% AZHEIZ2Y EFAA
A% ATARZH 5o AgPog v ZI19 A
22 Jehow, ¥ HPV ¥¥d g 9|
€ YdAY Aolg BAY & Ut =¥ 19
¥ HPV 9] =3 AHY HPV 34 4249
vl oM fo@ Zolg wAY 4 gtk ol H-
PV #@uez <37t grsle AL oz 23
3, 33322 §AA W7l FukE wojof ¢to
dAggn 434 S (Munger, 1995)& ©v|Fo]
Ho} o] AN ALEF AF gL AEFAUYNNE
HPV E6, E79l 93 431714 @=Rde d& &
A3 Ao Ao} go] Fgde Aoz AzEd

v.d B

ATREEL I 4NN MY B ¢A
NEE Hole goz AN aAFARY ¢
AL Augt gd4e] Yo FEH1 oy AY
& 1AL gEANA gon gu 2 URFF
o] 2] 2 (human papilloma virus)9] Z+go| A37
Foke] Az FAZ dm geEiAln Y. oje
HPV ZdA HPVY d% {AA7F AMEe 44
o 445 HPVY E69 E7 @9d S §A4siA
€, olS°] AEuUe p53¢ RB @] A§so
7159 A4& ZtHete 48 dY¥EHEd A
£ 534t ps33# RB ©¥& cyclins, cyclin de-
pendent kinases(CDKs), CDK inhibitors(CKls) &
3 tgo] AEF7IZE 7|AGAA olF FoF oy
A2 A 0|59 o)L HAF HEF/ZA 7)AY o]
A& k718 S FEY & A 53 cycl-
in® AEF7]9] 7 7o) FoldA HHEE @y
oZA et Axe dAY SolA wHeAol
Huse] ot

o] AgdMe ¥ AZHE YA HPV 7Y
% cyclin frA7te} TH|FE XA} A3t =
TAFY A% 98 d4oE RT-PCR % A
B A% Y(restriction enzyme analysis)2 HPV
ZEAT-E 2A3 2, $AFH RT-PCRYLZ cy-
cin f3dxe FdE A7k RT-PCR % A
EAEAMoE HPVY ZEoiE 4¥% A 93
F 93 2504 HPV #gEo] Aoy ojF 6=
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HPV-16, 28|+ HPV-18 °|%ict. w333 RT-PCR
2 cyclin A, B, C, DI, E fAxe] 282 XA
A2y, AP Y ZFoA Fxo Fole AT o
¥ 21749 cyclin fA#e] @o] F71H] AN
oy ZHE HPV ¥¥d g2 uigle ¢HAE
o Aolg LAY & YUtk EF 1YY HPV
29 ¢23AH ANE HPV #E 4239 ulnd
ME R zfolg 2AE 4 1% ol HPVY
Zawez 43yt gEsHe AL oldg 234, 3
AHo 2 FAA Mol7t FyE wojol o] WAYF
g gA AFE vlFolHo} o] HHA AL
A% 2L A{ALddM= HPV B, E7dl 98 ¢
3714 @5Rge & f33 dgr)de] o] &
&3k Aoz AYztdn
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