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Objective: There are more than 20 cancer-associated HPV types, but little is known
about the prevalence of HPV types in Korean women. Our aim was to investigate the
prevalence of 10 high-risk HPV types in samples obtained from Korean women in order
to establish a strategy of HPV vaccine development for Korean women.

Material and Method: Cervical scrapes or tissues collected from a total of 781 women
were tested for the presence of HPV types 16, 18, 31, 33, 35, 45, 51, 52, 56, 58 by
multiplex nested PCR system developed by our laboratory recently.

Results: Among evaluable 751 samples, 153 with invasive cervical cancer (ICC), 56
with cervical intraepithelial neoplasia (CIN) and 542 with benign gynecologic disease
(BGD), HPV DNA of any type was detected in 372 (49.5%) samples in total, 71.9%
in ICC, 67.9% in CIN, 41.3% in BGD. HPV 16 and 18 were detected in 77 and 19
cases of ICC, 26 and 5 cases of CIN, 125 and 30 of BGD, respectively. The most
frequently detected HPV type in ICC was 16 and followed by 18, 33, 31, 52, 58, 51,
45, 56, 35 in decreasing order. Nearly 80% of ICC contain either HPV 16, 18, 31, or
33. Among 372 cases detected to contain HPV DNAs, 272 (73.1%) cases were infected
with single HPV type, 79 (21.2%) cases with two types, 19 (5.1%) cases with three types,
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and only two cases with four types. There was significant difference in single infection
rate between CIN and BGD, and borderline significance between cervical cancer and

BGD.

Conclusion: In Korean women, mixed infection with multiple HPV types occurs in
nearly 30% of infected women. HPV type distribution appears somewhat dissimilar in
this report with that of previous reports from other countries. These data may be relevant
to the rational design of prophylactic HPV vaccine strategies.
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Table 1. Sources of cloned HPV DNAs

HPV Request cloned DNA from

types

16, 18 E.-M. de Villiers

31, 35 A. Lrincz

33 G. Orth

45 E.-M. de Villiers (on behalf of K. Shah)

51 E.-M. de Villiers (on behalf of S. Silvetstein)
52 W. Lancaster

56 A. Lrincz

58 T. Matsukura

eral primer (GP)E A|#sla GP WHdolo] 4
ZF A7 A LS o] 8319 o™, type-specific primer
£ A#slo] multiplex nested PCR W& &3}
o ol olgsto] AT ofHellA AHR Fiel
A HPV SA3 o] 7kl s wl B 7helo] BEE
sttt ol#gt Al=gle] AA W HAFE ¢
gt original HPV DNAE th-&-9] A z}ol|AlA 2 A
T8+ ch(Table 1).

2) ST
AFARGo 2 A BAY} ATEE 5 F
AAges % e A AFAY 29E

2]
& A% Feeld A" ANk 247 05

0.5 cm Z7|2 A& ¥ PBS 1 mlol] E3s}gict
AFHRG BAL A VNG Ao 52
Aol zAg)e & =
28l Eppendorf tube PBS 1 mlol] &71 =328
ShApubell 4] Mo 2 oA Hure] HEE ahgict.
TEN (Tris 50 mM, EDTA 1 mM, NaCl 0.1 mM)
500u+ 10% SDS (sodium dodesyl sulfate) 2515
o] 50°C oA 1A]17F B2A7] & proteinase-K
10~15u (100pg/ml)= 3L thA] 50°CollA 14
7F HgA71 F 37°C ol A v WX slgict. o] A
S PCI (25 :24 : 1) 1 volumeel] 43o] vortexol] 4~
527 EE0] F 3 12,000 rpmell A 2~427 9
slod 2A28A4 wlle 34

Atk b2k & 100% *Hot
& oflgk& 1 ml (2 volume)¥} 3 M NaAc (pH 5.2)
0.1 volume (S0p)S Yol -70°ColA] 2087 <
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% 12,000 rpmoflA] 207+ AA4EeElsldch
2e| % 7122k DNA pellets 70% XF7F-E- ol
£ 2 volume (1 ml)< Ylo] 12,000 rpmollA] 5%
ARk WA A2ellA el SR
1000 4ol H3s}gich

HPV DNA 79| AUz T-2 A& HPV 16
o] 7+edo] EH=o] 9lE CaSki (500~5,000 copy/
cell), SiHa (1 copy/cell) A3z 7d - MEFE AL
stoleh. AEFE wFe) ATCCERE s
fetal bovine serum 10%E 33t RPMI ul =]l A
wjokstol Agstginh BAE AEZRS] Z$ A
A% RAEUW ZES 10 mM Tris, 1| mM
EDTA, 1% sodium dodesyl sulfate (SDS), 100pg/ml
proteinase K -&Hol|A] 247 &<t HESAI AL, o]
£-oHoll phenolZ} chloroform-isoamyl alcohol (24 :
L volvoh & F @31 & EFo] Rgle B

E o8 557 microcentrifuge® QA E 2] sl A
= 3

Moy (W

N

alcohol £HS 7}slo] HGolS ulSy YAE
sick o] &ololl 50 mg/mle] RNAse AE 4H7}
slo] RNAE AJA%H 3 phenol} chloroform-isoamyl
alcohol £M o & X g|slo] DNAS A A|8)3L, spec-
trophotometer 2 260 nmI} 280 nm<] H]7} 1.8 4]
g Ae I3l w2 W FEE IRl
HPV A 2=3% plasmid®] 2]+ Sambrooks-2| Wi
S Agsto] FEelrl!” oA plasmidE spec-
trophotometer 2 2}Qlsto] F% 8 +E2& ZAA%}
Ak

Primere] 2ok t}&3} 7o) skl AEA
Al Woll EAlsli= HPV DNAE E&H o=
Z317] $13Fe] multiplex nested PCR W& 3L
s}tk PCR primer A 2] L= o 2 A s}ald
i z2FAE AFH g AT T UE
SEE9] Z7)% 400 bp vluko 2 sl om, AT
A5t 2A oA E £ A] G B6, E7T 2 EL S
end®] A7IALS ol &3le e YHoE 4
319ks}gie}. 941 vk NCI (National Cancer Insti-
tute) GenBankell G5%¥o] 9= HPV®| genomic
DNAZ®} amino acid®] 9371498 F-3}3 DNASIS
o} Amplify ZE2WE o] 83slo] primer A4 9
HAAS F1gto 24 12} PCRoYl A8 primer
pairE 319Fs}9it}. 16 series (HPV type 16, 31, 33,

o o e

Jh

35, 52, 58)2] consensus primersE E6-E7 portion©l|
Al M5 31, 18 series (HPV type 18, 45, 51, 56)2]
consensus primerst= E7-E1 portionol| 4] ®HEQl o
v, HFAEe 7= 7247 281~296 bp, 318~
337 bpe] Atk Ist PCRoAI+= $] primer 4705 4
o] AJ#Ys}9d vH(Table 2). 22} PCR< multiplex PCR
= 3171 $1sle] CPp WiRedod e fHAt 714 d
& DNASIS, Amplify ZZ 1392 homology =
annealing temperature s =4ste] BAH FHA}
TEEY =7 HFAF vl Xolrk UA A
2} ZZ A7)+ nested-PCRell A3t primerZ A
A - AZsl3d k. Type-specific nested PCR- high

Table 2. Primer sequences of 1st PCR

Target Nucleotide seq. 5-3’ NUCI?(.mde
subtype position
HPV 16 TGTCAAAAGCCACTGTGTCC 419-438

TGGACAAGCAGAACCGGACA 687-706
HPV 18 CAATTAAGCGACTCAGAGGA 677-696
GTAGACAAAAAAACAGGAGAT 983-1003
HPV 31 TGTCAAAGACCGTTGTGTCC 423-442
TGGACAAGCAGAACCGGACA 685-704
HPV 33 TGTCAAAGACCTTTGTGTCC 424-443
TGGACAAGCACAACCAGCCA 698-717
HPV 35 TGTCAAAAACCGCTGTGTCC 425-444
TGGACAAGCAAAACCAGACA 690-709
HPV 45 CAATTAAGCGAGTCAGAGGA 677-696
GTAGAGAAAAAAACAGGGGAT 983-1003
HPV 51 CAATTTGACAGCTCAGAGGA 641-660
GTAGAAAAAAAAACAGGAGAT  940-960
HPV 52 TGTCAAACGCCATTATGTCC 417-436
TGGACAAGCAGAACAAGCCA 684-703
HPV 56 CAATTGGACAGCTCAGAGGA 653-672
GTAGAAAAAAAAACAGGAGAT 964-984
HPV 58 TGTCAAAGACCATTGTGTCC 425-444
TGGACAAGCACAACCGGCCA 702-721
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Table 3. Primer sequences of 2nd PCR

Target Nucleotide 5°-3° NUCI?(.mde
subtype position
HPV 16 ATATAAGGGGTCGGTGGACC  483-502
TATGAGCAATTAAATGACAG 634-653
HPV 18 GAAGGTACAGACGGGGAGGG  926-945
GACGACCTTCGAGCATTCCA 830-849
HPV 31 CGATTCCACAACATAGGAGG  477-495
TATGAGCAATTACCCGACAG 632-651
HPV 33 TATGAGCAATTACCCGACAG 544-563
TATGAGCAATTAAGTGACAG 645-664
HPV 35 CAAAAACCGCTGTGTCCAGT 428-447
TATGAGCAATTGTGTGACAG 634-653
HPV 45 GAGGAGGAAAACGATGAAGC  692-711
GAAGGTACCGACGGGGAGGG  926-945
HPV 51 CAGCAGATGTTAATGGGCGA  809-828
GAAGGTACAGAGGATGAGGG  883-902
HPV 52 TGGACAGGGCGCTGTTCAGA  495-514
TATGAGCAATTAGGTGACAG 625-644
HPV 56 GCTTATGGGTGCGTTAACAG 838-857
GAAGGTACAGATGGGGAGGG  907-926
HPV 58 TTGGAGACCCCGACGTAGAC  526-545
TATGAGCAATTATGTGACAG 646-665

(7 oA el 2] WlEel 7]&3F HPV o wiAle] 4 ek A 71

risk series (HPV type 16, 18, 45, 56, 58; 2nd-1
PCR), intermediate risk series (HPV type 31, 33, 35,
51, 52; 2nd-2 PCR)E o] Al3¥slgict wA]
inner consensus primer (3’ end primer; high, inter-
mediate 7+ 170)2} inner type-specific primers (5’
end primer; high, intermediate 2+ 5/)& A% - A
239t ulebA] 1st PCRoI H 23k primers®]
= 470, 2nd-1 & 2nd-2 PCROlA= 7+ 6709 pri-
mers7} H ¥}t o] 2nd-1, 2nd-2 PCRE 25
AR oz o 1071 43 (genotype)o] HET
I 99l ch(Table 3).

Primer®] Z7]+ 20~26 base pair (bp)Z A
t}. Primer®] ¥4 DNA synthesizer (MilliGen
750005 AF8-3l™ primere] A A= Oligonucleotide
Purification Cartridge (Applied Biosystem)& Ah-8-3}
Ak

PCR SongG 9] =itoll W& W& 83
AAEAeL” PCRe] € DNA &4 5 10u°]
A8 5 #3¥}lo] loading dye®t 412 th& 8% poly-
acrylamide geloll4] 20A, 1A17F &9t A7|d 58
Alggstaiet. A7ldso] Byt polyacrylamide gel
< lug/ml FE9] ethidium bromide -g-°§ollA4] 15
EZF 3¢ ¥ UV transilluminator }of| 4] F3%-%
DNA band 75 #23l3L ASA ZH= 3,0009] %
Wl polaroid 7H|etE A H gels Hdsto] FA
=319 ch(Fig. 1).

3) SHEHN

EAEAS 9)eA SPSS version 10°S A8}

56 18 58 16 45 51 33 52 31

Fig. 1. PCR for HPV typing.

56 18 58 16 45 51 33 52 31
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3L Chi-square, logistic rtegression analysis S5

ol g3tel Fol4S BAeGT

e o}

Ag7d el AIHFHCIN) e AZERY
o8 Zhs kAol ofd Hold Aztew &
o HaE oz & Aol cytobrushs o]
golo] dojA BTAE T FE F J2 AT
748 =7 781¢)] Z 3047} PCRoll 2 gHs}A] kgt
ot 7510l F A AFAFTo] 5420, CINT©]
560]], A7 HeFTo] 153odl0] k. ZF 7o HF

Table 4. Prevalence of HPV infection

AH L 7k 42+12.34), 39:16.44], 52+14.94)
2 Zo]7t gloivh(Table 4).

AAH oz 37240(49.5%) 4 HPVZ} ZZ=Y
o] AAZZ T 2244)(41.3%), CINT 3841(67.9%),
273 R 110901(71.9%)0l1 4 HPVZE 72359
th(Table 4). HPV 7] ALY wllo] AF7 5 A
gholl W3k S = CINell theted 3.01(p<0.001),
g7 F-<doll tistel = 3.63u 9 thp <0.001).

7k HPV ¥ RIS K, AAHQ] Axs
HPV 163 o] 714 o] A== glen, 333, 183,
318, 523, 588, 513, 458, 564, 3538 o=
ZAZ&Eo] ZH4&stdc) HPV 169, 339, 1833} 31

Control CIN & CIS Cervical cancer Total
No. of subjectives 542 56 153 751
Age 42+12.3 39+16.4 52+14.9 NS
Prevalence of 224/542 38/56 110/153
. . p<0.001
HPV infection (41.3%) (67.9%) (71.9%)
OR of HPV infection 1.0 3.01 3.63
95% CI; p value) (Reference) (1.68~5.41; <0.001) (2.45~5.37;, <0.001)
Table 5. Distribution of HPV subtypes and risk for cervical lesion according to the mixed infection
HPV 16 33 18 31 52 58 51 45 56 35
subtype
Cases 133 77 75 39 34 30 27 23 21 13
% 28.2 16.3 15.9 8.3 72 6.4 5.7 49 44 2.8
Rank 1 2 3 4 6 7 8 9 10
Risk H 1 H 1 H 1 1

Control (n=542)

CIN & CIS (n=56)

Cervical cancer (n=153)

High prevalence
Distribution by risk

Single infection
/mixed infection

OR of mixed infection
95% CI; p value)

16, 33, 18, 31
H 127
1:131

174 (77.7%)
/50 (22.3%)
1.0
(reference)

16, 18, 33, 31
H:39
1:22
22 (57.9%)
/16 (42.1%)
3.94
(2.06~17.53; <0.001)

16, 18, 33, 31
H:116
1:37
76 (69.1%)
/34 (30.9%)
2.81
(1.74~4.54; <0.001)

H: High risk type, I: Intermediate risk type
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o] Aol 80%S AASIATE AHE7HAITNA
© Rz TA9] Aok QolA 169, 189, 339,

[e]

13, 523, 583, 5138, 458, 563, 358 +2o&
etk Adz=F Tl A = HPV 168 0] 7MW
o] ZAEE|9loem, 334, 188, 318, 51, 52, 58
¥, 453, 563, 358 o2 HEEo| T4
o}, 2P FMHPV 16, 18, 45, 56, 58)T FHPT
(HPV 31, 33, 35, 51, 52)2. & 1}o] vlasiiu,
2+ 7k AAz2Z T2 108402F 1014]], CINT-2 394
9} 224]], AF7ET2 11649} 374019 L B
AF o2 [F23t Ao]7t A TH(Table 5).

HPV7} ZAZEHE 3724 F 27241(73.1%)°N A 3t
Z5F71, 791 21.2%)NA F Z7F7F, 194(5.1%)l
A Al F77E, 2901(0.6%)01 4 Wl F72] HPVZE 7
Z5 At 3k 7R AEE Aee BAd=EAT
ol| A= 224l F 1749(77.7%), CINT-ol| A = 38¢|
T 2291(57.9%), AZAEUT 110¢] F 760
(69.1%)°1 9tk 7 7FA] &o] whE A5
44¢], 9¢], 26¢fl0] Gl om, Al 7}A] o] ¥
S 27 56, 74, 7]l A, ] 71X
7355 BadzAT 14, AR FETol 14
o]glch(Table 5). BA =24, CINF, 18l A-F
szl e gd ZAdE W = AdES
Aol 7h Qhod o, E3t7hd Al CINeYl tigh $1f =
© 3948 HPV f7uhE 183l S wjie) o4
F7Vst o, A Estel st 23]e 9
Hrrl 2812 ZFhasle] =3zed AA7E 18
=5 ° TVHIIIAE %

HPV 7] &7 ZA7F B
Z cH(Table 5).
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HPVS) AVEAHE A Bl % 4] 4| Zell 4 9
BAZAE A3 deke ol SAole vy
Hhole] 29 SAALH} BAT o] HERHE
%138 9l suprabasal epitheliumol] 4] doji}ar o]
2 AAE WolAE] BARE Sl 9
to] obd7t 245 Yok
AR e AZZRIA, WISk g 7
o oA elA el HPV APEY AdES =
HPV o} wlAle] Aerdlel slofshaa
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5 Alegslsich. 235 2 HPV 543 F 16,
18, 33, 310] 491 & A A AA] 80%<] Hl
55 Afste Ao Z Jehyrt o] A4 &
& 93k HPV ol WAl FAsH7] 93l 16,
18, 33, 31 489 L1 grwlo g LA E virus-like
particles (VLPs)& 4o 2 o] &3k Azks 453l
ofF gtk AAE ¥#F3 o™ Douglas$}
John”o] HPV 43 & thulxQl AL 16, 18, 31,
452}a K1k Ak o3k ArtE HoeiEa gl

CIN, AFARY Fo2 Frhshe F4e Nl

L o
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HPVE 98 2] double-stranded DNA H}o]Z] A E
ZolE 8 kb AXEolx AFHA 2HES (up-
stream regulatory region, URR), Z7] §% A £-9|
(eatly region), ¥7] §-A A+ H-49(late region)] Al
HEo g2 Ak HPV 16, 18, 45 53 2 3
1% HPV +43 ¢ E6, BT A= AT H &
Foll Al AejF o2 HEE S Hhgw] o] et 74
olA T3 AL sl Aoz HA Yk
5, E6, BT AT FF Al {471 ps3,
pRb&} 7H7h ARjtsle] BRI oz A YA
o] kAol A AE A =4 {FHA
(cellular growth control genes)®] %-A|7} E7}5 3
A A7 F-e] st A 7ofsAl "k HPV
S AR AFAY A3 AL SF W
o WS E a8 weh 2771 gl o
S, HPV 4 Q) A% ol %l 0% ol 4ol
3 A HIV 2w el g A
= 3R ollA= HPVSE QA= Foko] whajo]
7kt g, A4 HPV Aede] HlEE AE
A Fof] b £ o] Felle AT
<= ¥k HPVell gl A7) 3kl 2
fr=gs AlARIh o]i’dk Ao HPV

>

¢

i



74 oigkteltEs] 2] A6 H A2 % 2001

WAL Ae] wgelh. dlly 5 A28 WAle] A
W3 Qv oY WAL HPY 4de wolF
t F3 gAE fEsks Zolw, NE WAL 7]
2 A4 AE A W WL Bl AA
A ek

],o]g /kx | Bt}

B2 A5 wlolzzg]
th e} E6, E7 Jﬂ\:,],

T e | =& o] &3l W
ojth. AAE A&} 2373 Ht gkAtoll A HPV
16 E7 FElol=o] 93] HF&E% CTL Hlgo =z
HPV 162 373 54 Zok Ax7} gels &= o

g0l Zwslel Gk of WS ek ol
7} 7+slt HLA haplotype®] thedAl wiiZell &
A thekst slglo| =& o 2 3lA =k AE o)
7].]/1—‘ \:':]Ofl H]-_% Tr_l_o].{—j:]“ X]_u_ Hl—]/l]v/] z-]];(]—
off glo] e FAE WAle] AFE vER
A HPV ZFed AlE2] 3=17] (epitope) A2l 714
o] &Aslof gk Aolrk v HFA A7
ZARolo| A &3] AE FTH HLA class T 4}
7} &1 913 B2-microglobulin A #}Le] el 7
o] YelhlE 5 W AAE A4 AEE IA
<dl TA7F ek wEkA X5 wAle] AFs
A 7= HLA class 1 31 o] vl 24
A W s UH%L-O—E Al = Aot

oA WAl HPVZE H3E Aol Soi7tr] A
off FIZ F v FAE Rt=EE Zlo] HHo]
t}. o] F3} dAl(neutralizing antibody)= viral
capsids® Wt=E+= 7] §42Q LI, L2 5 L19
‘LX]- A 7] (conformational epitopes)2} A%
2 A 9k weha] HPVell tist o
i "‘—'Pﬂ% A2 Azd 71EE ol&3 L1, L2
T2 TS wkso] AgslA Hlcoh Ll L2 §4
A5 KA ol A] A 7]w ol DNATF ¢l
3 e 2ol ZAlslE HPVSF =S VLPs
(virus-like particles)”} RFEAAR|=H &2 FF
Z nlolg]lx R4 o] VLPY ZIFzE el ot

ot —|~ o rl'}‘

O

7550l S E vl ek HPVE A3 2ol o3l
AstEluZ oy wiilo® ans Hay oz
AA ggol] Eo7kA ¢k A oA 1 dAlo]
A% ol ook & Aok w3t VLPE 7
HHo g {A3-Eo]A(genotype-specific)s }-o|
B2 Qo Hgstaa 3w ol ¥ 71A
HPV 733 o] th7H(multivalent, %{®) WAS A
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