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Abstract

Recent studies have reported that the distribution of HPV-16 sequence variations differs geographically and specific
HPV-16 E6 and E7 intratypic variants might carry a high risk for development of ICC (invasive cervical cancer) and
CIN (cervical intraepithelial nseoplasia) in a given population. To investigate the genetic diversities of HPV-16 E6 and
E7 oncogene, we analyzed the genetic variation of HPV-16 E6 and E7 genes isolated from sexually high-risk women
in Busan. We amplified the E6 and E7 coding region (nt 34 to 880) with HPV-16 E6/E7 specific PCR and analyzed
nucleotide and amino acid sequences of these regions by using the DNAstar software. At the nucleotide level, eleven
variants of the E6 genes and nine variants of the E7 genes were identified as followed: E6 T178G (n=11), E6 T178A
(n=1), E6 T350G (n=3), E6 A442C (n=2), E6 A104T, E6 Al11G, E6 Cl16T, E6 G145T, E6 T183G, E6 C335T, E6 G522C
and E7 A647G (n=12), E7 A645C, E7 A777C, E7 G663A, E7 T732C, E7 T760C, E7 A775T, E7 T789C and E7 T795G,
respectively. At the amino acid level, the isolated HPV-16 E6 and E7 genes showed eleven E6 variants: E6 D25E
(n=12), E6 L83V (n=4), E6 E113D (n=2), E6 MIL, E6 (B3R, E6 P5S, E6 Q14H, E6 D25N, E6 127R, E6 H78Y, E6 C140S
and three E7 variants : N29S (n=12), L28F, T72S. HPV16 E6 L83V, the dominant variant in Caucasian population,
showed relatively low frequencies in our study population. We elucidated that the dominant HPV-16 E6 and E7
variants were HPV-16 E6 D25E (63.2%) and HPV-16 E7 N29S (63.2%), which were included in Asian lineage
phylogenetically. Further study is needed to evaluate the risk as a cervical cancer of HPV-16 E6/E7 intratypic variants
in Korean population.
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ol F-FFrto]el 2 (human  papillomavirus, HPV) & 8
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Fig. 1. The structure of human papillomavirus, The
EG/E7 variations were known to be important
for transforming activity of the proteins
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of gol 4T fAlgte] Ao AH&akaitt. AA1e] DNAE
MyHPV Chip Kit®I4 &= TzEZ] 2]7] DNA
FZ, 34 FFHAE(PCR) 2 DNA chip hybridization
S ANt FAAE L FAskgItH(Table 1), 7 Az
% 36471¢] HPV DNAZF fH&=H3%lew 1 5 HPV-16
F2 A FdAFE] 15.9% 2HASHAL o]F HPV-16
E6/E7 PCR ¥ sequencing ¥ A&AJo] geled 19745
intratypic variation 23l AF&-% A},

HPV-16 E6/E7 PCR

HPV-16 E6/E7 {34kt 34-880) 2]
A7l flst AAle Quiagen  DNA
isolation KitE AFE3led genomic DNAES FZ3FaL
Qubit (Invitrogen Co.) o2 A3}l DNAEE7F 20
ng/ 1ol A--owt template® AME3ItE PCRS
template DNA 100 ng/xl, PCR 10X buffer 5 pgl,
25 mM MgCl, 5 g1, 10mM dNTPs 2.0 pl, Taq
polymerase (5 IU/ul, Takara Co., Japan), HPV—16
E6/E7 primer [HPV16 E6—13N (5'-AACCGAAATCG
GTTGAACCG-3"), HPV16 E7-13C (5'-TGCAGGAT
CAGCCATGGTAGAT=3)1 7t 20 pmolE Y1 SHF
% % 50.0 gl FA 3tk PCR 43 PTC—-200 (MJ
Research, Inc)S ©]&3Fo] 94TCelA] 387 %7] WA
T, 94ColA 30%, 57CelA 45%, 72CelA 129 =
Aex 303] W 3 & HFA 0w 72Tl 517t Al
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HPV168 2] 2er4-HAHEG/ET) Edwo] 354 11

2 & T A FEFo] #d F 1.5% agarose
geloll A 719 %38k] 847 bp A7)9 FEALES s}
oﬂl;].
pas .

DNA sequencing of HPV—16 E6/E7 region

PCR AHE9] 9714 E 42 £AEAH(SolGent Co.,
Daejeon, Korea)el 2|gat9lt}t. BigDye® terminator
V3.1 cycle sequencing kit (Perkin Elmer, USA)S A}
Millipore—Montage
dye removal Kkit® sequencing A o
ABI 3730XL capillary DNA analyzer (Applied
Biosystems, CA, USA)Z Q71X aE& dAQsqlct 4%
¥ 97492 NCBI BLAST search programs ARE-&}
o] 71%2] Hay unlo]z) A9} sequence homologyE H|
23t FA28E AFs9tk HPV—-16 E6/E7 x4
phylogenetic analysis %! intratypic variation A=
MegAlign program (DNAStar Inc., Madison, WI)< 9]
gateih
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HPV—16 E6 ES¢ItHO|

20079 FARAY HE54 FAldomNE EEd
HPV-16% 197 tist E6 44k (nt 83—-559) 2 47]
gl ofn|=Aik M AHolE ZAFSISITH(Table 2). 17 A
913k 187 oA 1539 M= tE 47|19 (nt) ollA] #o)
7F dem 1 % nt 178(n=12), nt 350(n=4)°4 H
o7} 71 Akt ofwwAl MolE A 071 nucleotide
WHol$E1=  E6 T178G(n=11), E6 T178A(n=1), E6
T350G(n=4), E6 A442C(n=2) 18|31 E6 Al04T, E6
A111G, E6 Cl116T, E6 G145T, E6 TI183G, E6
C335T, E6 G522C Zz} 144 o|3lem, nt 91(A—C),

Table 1, HPV genotype distribution of HPV-positive sexually high-risk women in Busan, 2007

High-risk genotypes

Low-risk genotypes Others genotypes

(N=261) (N=74) (N=29)
HPV N (%) HPV N (%) HPV N (%) HPV N (%)
16 58(15.9) 52 7(1.9) 6 15(4.1) 02 6(1.6)
18 195.2) 53 37(10.2) 11 7(1.9) 67 2(0.5)
31 18(4.9) 54 9(2.5) 34 10.3) 72 2(0.5)
33 14(3.8) 56 123.3) 40 7(1.9) 81 14(3.9)
35 3(0.8) 58 28(7.7) 42 1(0.3) 83 2(0.5)
39 12(3.3) 59 10.3) 43 4(1.1) 84 10.3)
45 13(3.6) 66 16(4.4) 44 1(0.3) 86 1(0.3)
51 13(3.0) 68 1(0.3) 70 38(10.4) 87 1(0.3)
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nt 176(G—A), nt 286(T—A), nt 289(A—G), nt 532
(A—G) A9 silent mutations P71 Wol|F7} zhz}
1A% 0]Qt}, ofu| Al o)A 19719 HelFaRE 11
F9 5o] WolF7t Qllem, 71 5 Asian lineage°l <
§ E6 D25E(n=12)°] 7H¢ w@o] veskem 1 9] E6
L83V(n=4), E6 E113D(n=2)¥} E6 M1L, E6 Q3R, E6
P5S, E6 Q14H, E6 D25N, E6 127R, E6 H78Y, E6
C140S o] Z+7} 1714 o]t}

HPV—-16 E7 S¢HO0|
HPV-16 E7 53dAHnt 562—858)2 947] @ oln|x

Table 2. Nucleotide and amino acid

A AqdwolE FAF Ad= Table 39 YeRSITE &
1970 % 16714 47]¥o)7t e} 939 Mz &
Ao 652 WHol HElS Wt} Asian lineage°l %
3t nucleotide level®] E7 A647G¥} amino acid level
°] E7 N29S(12/19, 63.2%)°] 3 WHo|F=Z YErytoe
™ A645C (a.a. level, L28F), A777C(a.a. level,
T729)°] 247 17, 21 9] nt 663(G—A), nt 732(T—

Wl

C), nt 760(T—C), nt 775(A—T), nt 789(T—C), nt
795(T—G) Y #|olA silent mutations 2071 Ho|F7}

747 144 o9k,

sequence variation at HPV-16 E6 ORF

No. of

Nucleotide position of E6 ORF

Amino acid position

iso 91 104 111 116 145 176 178 183

280

280 335 350 442

522 532 1 14 25 27 78 113

lates

E6 Reference cC G G T T

A

C T A G A M D 1

Q

1

prototype
T350G
G145T/C335T/T350G
T178G/A442C
T178G
C116T/T178G
A104T/T178G
ZT178A/G522C
A91C
A111G/T178G/T183G
T350G/A442C
G176A
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a) The one letter amino acid code was used. b) The name of variants was indicated by the variation at the

specified nucleotide position compared to the reference sequence. Dash (-) means that no variation were

found at nucleotide and amino acid position, The reference sequence for HPV-16 can be accessed to

GeneBank K02718. ¢) Bold character stands for silent mutation,

Table 3. Nucleotide and amino acid sequence variation at HPV-16 E7 ORF

No. of Nucleotide position of E7 ORF Amino acid position

isolates 645 647 663 732 760 775 777 789 795 28 29 72

E7 Reference A A G T T A A T T L N T

prototype 3 — - - - - - = = — — — —

- T732C/T789C/T795G 1 - - - ¢ - - - Cc G — — —
%. AG47G/GO63A 1 - G A - - - = = = — S —
2 AG4TG/ 11 - G - - - - - - = — S —
S A7IST/ATTIC 1 - - - - - T < - - - - s
¢ AG45C 1 c - - - - - = - = F — —
T760C 1 - - - - CcC - - - - — — -

Note. The description is the same as Table 2,



RAAY FEUL SO RN BeE HPVI6HS) e

#H HPV-16¥29 E6, E7, L1, L2, LCRs (long
control region)& X833 5F-299 FdA AQ wWol9}
1}%178”?—%} WA ylo] odskA oo o3k HPV-16%

o] 54 wWolF= HPVE AHZAAN Agadfiteow 3l
3§% %ﬁ ].E]_jy_ olgq;q o]E]_Z/Ll?lS). Oll:é- intratypic
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Afl and Af2, NAS 570 18202 ik Yamada 5
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T350G Wol]= (amino acid level, L83V variant) = W]
=, FEAY9e $3H WolFz f3s HPV-16 E6
T178G (amino acid level, D25E variant) &= o}A]o} #]
ofo] wo] st A ow FAEGITE Chan 579 B
o oabd F=elx Eel¥l HPV-16 E6/E7 42+
intratypic pattern #2243} Asian lineage (68%),
European lineage (16%), North American—1 lineage
(14%) o™, ofn] At el 3 Wol 32 HPV-16
E6 L83V (78%), E7 N29S(17%) et ®islich &
Choi & $ivel Sty e oides zAHAs
HPV—-16 E6/E7 variant & 3832 HPV-16 E6
D25E(68%) 4 E7 N29S(73%)°l™ 1 ¢ HPV-16
E6 Q14H, E6 I27R, E6 H78Y, E6 L83V %o] A%
kil ®asolch

2 AT E vF AlE gt 1)
oA HPV-16 E6 L83V7} 9% wWolFely Hish
Chan 59 Hieh= o]z} 9l9lov, E6 D25Eetal 1
2% Choi 59 97 Avpebs HlskQich 2 Ay An
HPV-16 E629 7% D25E (12/19, 63.2%)%lel L83V
(4/19, 21.1%), E113D (2/19, 10.5%)$} MIL, Q3R,
P5S, Q14H, D25N, 127R, H78Y, C140S Wo|FE5o] 7}t
7+ 1A A&}

¥ Choi 7”& HPV-16 E6 D25E Wol]F thgoz
Q14H, H78Y, L83V ®Wlo|FEo] 2ty By 33
B B ATeAE L83V, E113D WolF7) %S nl&=
AZHom MIL, Q3R, P5S, C140S WolFE & A
A MEA AZEEHA

3, HPV-16 E6 D25E WolF: o] 79!
44%, Q9] AL 0.9%, A9, WAz AL 0%
747}y zpA)gekal Barskglon o HPV-16 E6 D25E
¢} E7 N29S o]/t N dHE jo)7} &S AlAFT)
T Matsumoto 5'7& HPV—-16 E6 D25E Wo|Fi
w9 A E dRoeA 2 LAF I, Zehbe &
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(90.9%), E6 H78Y (43.4%) ¥ E7 N29S (37.8%) #
oI5 ol B ol wolF My Aol o

ek EP oA E6/E7T 54 ®WolF7t A

HPV—16 E7°] 7<% N29S(12/19, 63.2%)$} L28F,
T72S WolF7} 4zt 174 #HEHe vekst HPV-16
E6/E7 Wol37t B8-S o 4= 99t} Song 5172 gt
o A4S e R HPVI6 E7 WolF 450] ZEA5H
I1 % HPV—16 E7 N29S Hola+= 98507 HHz
o Al T s gk e 19y aclojta
®3kity. HPV-16 E7 N29S wWoli= HPV-16 E6
D25E Wolg} FAle] wAsta F2 ofAlop X|Se] FaE
st F519] A9 58%, 9 Fetol? 739, =9
A3 Her AT 59.5%, AxUAle22.7% 27}

ol o] 2 it Fakx]el HPV-16 E6/E79] &
AxE gl obu| Al ZFflefA o] Bo] EQinlo]lFe] 54 Ul
B Ao R Rakxo] HPV upol# Ao &4
ol o3 HPV-16 3 —18% 9] oo} ihg-2 {2
SHe A odmlalule] gy oAF 5 AgEREGe] o

HPV-1632] &71ud Hol=
ARl Akol7F glom &3] HPV-16% E6/E7 T°r
54 drMgddols Ale Aot W A dEd AAE
£ WS doyE u9d eqlow d#A 9l
A= 20079 FAEAY FE5UA FARIY R fa%
HPV-16% 1978 tiAo=® E6/E7 #+4x 49t
34-880)& #ACE AYGH AVAMY w®lolE XA
t}.  nucleotide F=olx HPV16E E6 A=
T178G(n=11), T178A(n=1), T350G(n=4), A442C
(n=2), Al04T, A111G, C116T, G145T, T183G,
C335T, Gb22C% 119 WolF7t A=, E7 4
A= AB47G(n=12), AB645C, A777C, G663A, T732C,
T760C, A775T, T789C, T795G %5 9%¢] ®WolF7}
A= k.

oblal el E

BEE}

HPV—-16 E6 waide] 7%
D25E(n=12), L83V(n=4), E113D(n=2), M1L, Q3R,
P5S, Ql4H, D25N, I27R, H78Y, C140S % 1159 W
o|FE, HPV16 E7 EPH—HX—EH A% N29S(n=12), L28F,
T72S & 3%° ®WolaE #FE + sk & A7 4
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