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HE. BY AAAINKBRHAE(HPV )16 B DNA 2T 8K 4155 SCC )R I 7T 5% T P a9 Ak L,
WA ETRBEPOER, it KA S TREEEF AN 428 4 HPV-16 M FZ 4R FIEEL A
HRBAEE Hm TR T TH L E T HME @I HPV—16 DNA #3545 5 KA E2/E6 Wi
VER B BHRARED . AR Z S A ARBIA (354 4] ) B.3EZMLB IR FIEFE Y 103 4] SCC A 251 ¥ #
BN SKR LR AgmE (HSIL), ST (74 61) 636 34 018 HKREA K L& Mm% (LSIL) & 40 ¥ &
FEH Lkt REAEETHMBE T HPV—16 DNA B4 RG TR A x° BB ; BEELS LA
% HSIL Z SCC R #fH . (OR ) £ 3E 44 Logistic B2 54, 258 HPV—16 DNA 45 & 5 &
8 e F R G, AR T 49 6.8% (5/74 ), 7+ & £ HSIL 4044 29.9% ( 75/251 ) %A SCC 2849 68.0% ( 70/103 ),
3UMELSFILREFALITFEL (P<0.05), &% BESHAETRRLZASF L LM FH AR HPY 5,
HPV—16 % B 41 %415 IL % HSIL A SCC K894k % 0 % OR=2.30 (95% CI : 1.62, 3.18), Zi HPV-16
DNA &6 K A EmERLE AR AT, RELSETHREIRE PRATEER.
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Research of human papillomavirus type 16 DNA integration
contributes to cervical carcinogenesis*

Xia Liu, Qiao Zhang, Hui-jie Zhang
(Department of Obstetrics and Gynecology, Shengjing Hospital, China Medical University,
Shenyang, Liaoning 110004, China)

Abstract: Objective To explore the integration status of high-risk human papillomavirus (HR-HPV) type
16 DNA in cervical squamous cell cancer (SCC), its precursors (high-grade cervical squamous intraepithelial lesion,
HSIL) and the role of virus integration in cervical carcinogenesis. Methods Viral integration was determined by a
multiplex polymerase chain reaction (PCR) in 428 HPV type 16-positive cervical scrapings obtained from women
with different grades of histologically confirmed cervical lesions or normal cervical epithelia, and the ratios of £2/
E6 genes were used as a surrogate for integration. The case patients included 103 women with SCC and 251 HSIL,
while the controls included 34 LSIL and 40 normal cervical epithelia. The prevalence of HPV 16 DNA integration in
different grades of cervical lesions was analyzed by %’ trend test. The association of viral integration and the risk of
prevalent HSIL or SCC were assessed by unconditional logistic regression. Results The prevalence of HPV-16 DNA
integration increased in parallel with the severity of cervical lesions , which increased from 6.8% (5/74) in controls
to 29.9% (75/251) in HSIL and 68.0% (70/103) in SCC (P < 0.05). The differences among the three groups were
statistically significant (P < 0.05). After adjustment for smoking status and co-infection with other high-risk HPV
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types, the odds ratio (OAR) showed by multivariate analysis of the risk association of integration with prevalent
HSIL and SCC was 2.30 (95% CI: 1.62, 3.18). Conclusions HPV-16 integration occurs early in the natural course

of viral infection. Viral integration may contribute to the process of cervical carcinogenesis.

Keywords: uterine cervical neoplasms; cervical squamous intraepithelial neoplasia; human papilloma virus;

virus integration

T U A BRI N5 4 L DAY S A
g, Rt e AFL LB # (Chigh—risk human
papilloma virus, HR-HPV ) Ja& L2 5 3015 Sl R 40
Mg ( squamous cell carcinoma, SCC ) K HIZ R %
A BHATE A R " HRT SCC & AR ik
UL P BRHAT « 20 HR-HPV B, Frgkik HR-
HPV B S EORRIFLEE 1 75 8 b s, 4
T L WA (cervical intraepithelial neoplasia,
CIN) T ~ %% ; 872 9502 RG0S SURI FiE
KRBRR 2 S (low—grade/high—grade squamous
intraepithelial lesions, LSIL/HSIL ), Ee APt AR EE
SCC™, FEBUE A ERPLHI M A2, LR
i S AL A R T BB E 1E B 9 i [ M g
AR = HPV kR 20 A B S U A 3 FE
A (PRIRTERI AL, BG 3018 FHM AT, BeEmE
HAFIRARL) ™ B R AAE HPV 95 15 B0 S
E6. E7 19 FilfE, 8 7E E2 5 E1 B X4 " ; HPV
DNA B5 51 EANEENA)S , N E6. E7 FIK
P 1R X 38 (long control region, LCR ) B E AR, T
E2 R e v MR e i R . BRI, E2. E6 FEPY
FGAE (E2/E6 ) AR rIVE P4 HPV SRR 13 /Y
BAREY ™. HR-HPV R A5 H T E2 &M
TR INRERER, W R E6. E7 IR E
K, PR S ATRES 5 HPV- AHOCMYE i E U
UK

HPV-16 J& SCC K Hfw dir i 42 (CIN 1T / 1 5
HSIL) i IR fE & ™7 AR T HPV-16
AR SUR L R B9 AE A A — 2
WFERW], HPV 24 5 B B A2 1 ™ SRR ARG ™,
1755 —SERE MR S ", sk, —LE2 50 HPV

e KA R LA, R AR TE LSIL
SRR B SR A, S — 22 A R e
B Z S HSIL 5 B SCC ARG e 1 44 ™
HPV (R 2 (88 45 A B R SR g B0 30, IR
o 110 o R A A 2R W) — R R AR AR ™
BRI 2 R G REE SV (PCR) AR ™M Xk
I EZR b IX 428 1] HPV-16 B A9 AS R 925 B 35

S5 A8 K TE BB AL R G ) S V% Al i e HPV-16
DNA [ AR T AT, 3R S e SR A
JUEE R AR S B LA B R A e R A AR

1 AREFE

— R T #
BEHL 2015 4F 8 H—2017 4F 12 A T [E ERK
W B B e IRk AT B VR O A HPV-16 Y12
428 5, WEREABEBE A AC I Dot BT A 2k
BB RES.

TSRS G 0 Frii I 354 5], A4 2Rl 403
TESZ SCC 41 103 i, HSIL 41 (CIN T /1) 251 fil,
XFHRZH 74 4], GG 2 20 SU BLAAAIE S 1Y 34 5] LSIL
4 (CIN 1) F140 fiE % =80 F Rl (R AR
PR 1T T B VIBR AR I 20 BEAIE S HE R B 0% 48 119 £
PE ) TEWCER B BB V& A M BB AR 18 ~ 67 %,
Py (38.9+88) ¥ MFEEMATAN A - H AL
BT, Thin Prep ® 424K (TCT) & HPV 43%!
RGN o S 7 A0 LR A SR U HETE B S R, By 30
A2 bR AR SRR 2D BRI EOR A B IR T . B de e
REFEIG, ST E gikim Yy, #
HHE T TESENETES LT 1.0 em ZEHP
BT A FALURE , B SR TE T S N ERE 3 ~ 5
Rl Jm B, R A SR Vs ML e T 1
20 ml Preserv Cyt %R B/INIH, A ROPRAS & 7EOR-AF
Worb 2 R, 4°CUKARIRAT. 28 Thin Prep ® 2000
ARG ALK BEE UG AP A, S EAS 2 em
AR AR, RV IR ™ A bR ATE B i
AR EAR YT TR AR, SR 2001 4F TBS RGT#A T4
PR EE RN ¢ BRI T (negative
for intraepithelial lesion malignancy, NILM ), = RBHAE
LRI IR 20 ( atypical squamous cells of undetermined
significance, ASC-US ), A LY PR A1 A A BE HEBR
T O R R 9 AE (atypical squamous cells with
high—grade lesion that cannot be excluded, ASC-H ) 5
LSIL & HSIL. FARARASE A 20 CORFER VR IRAT, 2
AN AR DNA T HPV 23 BRGN035 HAT S i ik

1.1
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BB . AR . 2T BT, BUESNAYT
B R NG TR I 5T
1.2 R SRH

Thin Prep ® 2000 2024 R4 (TCT) ( F[H
Cytye 24 ) ), QIAamp DNA $2HUXFH & (78[5 Qiagen
Hilden 24 H] ), SiHa B 5 40 M AR F 26 B 3520
( £[E ATCC /A7) ), HeLa ZEkE ( HiZBeBageplsL i
FHEM), 10% 54107 (72 Gibeo Chrome 23 H] ),
100 bp DNA B£JE ( 3£ Invitrogen A ), TaqMan £
# PCR iR & (JLa TIANGEN A RARRAF] ).
1.3 (F5E%F

HPV 2 BIRHIR L HPV Geno Array £ R (#
He Hybri Bio HBRAT] ), PCRIGFHY (fEE Eppendorf
Master—cycler Gradient 2 5] ), {53 H .00 (TGL-
16G, DL sRl22UAR) ), LDZ5-2 R 2.0l (L
SR A B DML BR A ), SAMrEIeEAL (355
[E Beckman Coulter 2 &) ) ; L ¥k B 1233 351X ( Tanon
4100 ) ( ¥R EENT] ), Primer Premier 5.0 #4: (i
K Premier A ] ), Stata 11.1 34 ( £ [H Stata 237 ),
H, Pk 8 43 B 4F (35 [ Bio Image Ann Arbor Mich
NEIDN
1.4 KIEEiE
1.4.1  Zmfadkiz R B it DNA 3250 SiHa & #iE
bR A 1. 2 %A B HPV-16 | T £ & PCR
B BT B, HeLa 40 MUK 5 A 1 %5 (1) HPV-18
DNA V£ 4 B P XF f8 ., SiHa FI HeLa 41 i 75 2k B A9
DMEM 1 RPMI 1640 5 32 5 b 3% 35, 23 AN 78 10%
JRAEME, 7E37°C, WANBE . 5% — S fkik CO, br
HESRIF MR

B S0 V% 240 B B A B AR B LS A 4 L DA
>R H DNA 270 & 2R 47, D20 DR A7 9 v 42 B 3 ml
2210 J5 11T DNA il % 5 SR 240 0 66 BE T+ 7
0D260/280 AbN7E DNA ¥R . @t 4 3 BiR H il
MR S (GAPDH ) 3 P W 5 A7 76 N LR 41 DNA,
S GAPDH ¥ 3 [HVE 09 ¥R A< i — 2517 HPV 43 4
R
1.42  HPV - &&N, MiEsgfas 55l HPV
B PR 2 TR ARG I SR AR 73— DRl 5 it 438 S RS
AR A ARRERI A 21 Fp HPV FEPRAY, 4145 6 FPIE
f& % HPV (low—risk HPV, LR-HPV ) 2% (6, 11, 42,
43, 44 BIH1 CP8304 AH 24 T 81 A ), 14 i HR-HPV
J& # (16, 18, 31, 33, 35, 39, 45, 51, 52, 56.

58. 59, 66 Fl1 68 % ) Al 1 F A] it HR-HPV % 53,
SRRSOk HPV DNA BEAT LR 38, SR 5 F1
HARHA LRI A HAM B 0953+ S 2l B e
A DNA #REFI R RLES 7 A T P e se . BAkoD
PRALHG - FEZS HPV DNA 7355 $2HC; PCR 974 ; #
BRI R4 . W s mAREER S
F BB AR A B T IR A

HPV-16 FHPERY B3, Joie Hw 4 i 24 45 31
wifar, BEL RS, BB B A 5 7E AT A T B R
AR X IR AT TR A RN R P B A A, E
— AT FE S N IEHE IR (endocervical curettage,
ECC ). WZ2 Wi s S0 % 40 R J 3 4 A N
Ao BB BRAE I B BUE L, PR (loop
electrosurgical excision procedures, LEEP ) A R R Bk
ETEVIRSN . M EAZNHL MR, L
R E WO RS R, i L) R iz
2 R R T o e QSR AT 2 r ELE U Y 2
A—, WS 3 RELE A BIE T RE R A . 28
o B S A= A8 G5 SR e 22 B
1.43 %% PCR #4 M HPV-16 LA B A a9k N K&
HPV-16 ZEHAMAEPNAIRESHZH PCRIEHITHE LS
Mro Wik E2/E6 (AR 0, T HPV DNA k2“4l
AT R W= 1 R A, R HE A
0 ~ <1 JERAH S,

£ % HPV-16 E2 Fl E6 3£ [H i) 2 & PCR &7 —
AR N I3 E2 F1E6 FEH, §HLE 25wl
LVIRG YT HAT - 5 2.5 w1 A DNA, &
A58 025 pmol, 10x PCR 2% ik 2.25 wl, 2 pl
dNTPs, 0.20 w1TagMan (5 u/wl) 1 17.05 w1ddH,0,
PEERSCAFSE 94°CHASYE 5 min, BEJS 30 NJEI N 94°C
AP 45 s, 60°CIR K 45 s, T2°CHEMH 1 min, 2 72°C
YREZFEAH 5 min,

HPV-16 E2 #1 E6 i34 Primer Premier 5.0 1%
i, HFY 3 HPV-16 E2 F1 E6 3L FI 54 W3 1.
PHE, 5 w1l Z3E PCR Y =Y H] 2% BEfs eI
HUK MBS, TRk BEe (s, H 100 bp DNA BREEARIC
SRIGHEERAINE (UV) TR, WMEIHH5Pr E2 1 E6
FERY A IR FRUREE , SRS TR E2/E6 FE ()
HAE . BAREAKI —=X 3 1y .
1.5 Sit=EHE

B A BT R FH Stata 11.1 G838k, 1504 B
KB (%) Fom, WESRA xR s ARZO0E
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*1 SEPCRHSIHY
HPV-16 § 3 5L A 519751 Sl Y00E mt' K JE /bp!
E2 iEM]: 5'-CGACTATCCAGCGACCAAG-3' 3462~3 480 257
JI]: 5'-CCAATGCCATGTAGACGAC-3' 3700~3 718
E6 1Elf]: 5'-ACCCAGAAAGTTACCACAGT-3' 127~146 397
JZ ) : 5'-GCAACAAGACATACATCGAC-3' 504~523

e TR (n) FBEIEXT (bp ) 5107 &S HPV-16 JLH ¥4 (FEHPES: 1LC368995) .
G A% H HPV DNA B & R A8bR F x #a%¥ s (369+3.9) %, MAERR . MR bgsy, &g

B ; HPV-16 DNA & 530 f = HSIL f 28 KR B RIRP I s e A b, 253395800t
Z P ZAE &AM Logistic BT ; SCCAHGHRZE R FEX (P>0.05), MARIRL ILE, ZRA51T

Logistic [FIH4M7. P <0.05 K258 G55 X, 2R (P<0.05), il XA, W3k 2.

> mm iz . AERHE M L B4 HPV-16 DNA A%
. =R

2.1 TH4H SCC HXEZEMILLE o B 1 R 5 3R I 0 72 1Y) 7™ R R ) 0

BETIAER - I (37.1+4.0) %, XA FHE ( x'=78.096, P =0.000), HPV-16 DNA Y4 &

®2 WHSCCHXEZRMILE # (%)

- AR H mifil i R ke 24 W AR T 2t B [ s R e At s i 2
ZH 5! n
18 ~24% >24% S w = w =3 <3 2 &

S Ze 354 45 (12.7) 309(87.3) 54 (153) 300(84.7) 80 (22.6) 274(77.4) 35(9.9) 31990.1) 39 (11.0) 315(89.0)

Xt R 2H 74 7(95) 67(90.5) 15(203) 59(79.7) 7(95) 67(905) 12(162) 62 (83.8) 14 (189) 60(81.1)
x 18 0.607 1.139 6.525 2.508 3.522
PfE 0.436 0.286 0.011 0.113 0.061

o ( BEA BB + SR A B R/ S g ) A
X REZH (1Y) 6.8% (5/74) | Ft %] HSIL 41 1 %) 29.9%
(75/251) J SCC 41 () 68.0% (70/103) [HSIL 415 400 bp
SCC A HLAE ( x°=43.796, P =0.000), ¥ {20 5 %} IE 200 bp
HIE ( x°=31.455, P=0.000), LSIL 215 HSIL 41t
 ( x’=6.679, P =0.008) ], 7E SCC 41 v, HSIL X

397 bp
257 bp

M 1 2 3 4 567 8

LSIL 34 %1 HPV-16 DNA Y LIRS /I &, A H M: Marker; 1: HeLa #H/If820 FAPEXS M2 ; 2. SiHa )N FH

i HPV=16 DNA 1 SCC ZotErhi s W, I BAE 32.0% PEXTHRZH; 3 ~ 4: JRAH, 5 ~ 7. SifeiEssml, 8. 4lifesesml,

(33/103) {9 SCC M 1| I B AEREUFR L. 25T ! HPVIG B2, EORHRASE

For I 1 i S0 25 AL SR 5 ) HPV-16 DNA 1 E2/E6 £ 3 AREHHERE HPV-16 DNA {E AR

FE N HAEE L2098 1.00 ~ 2.34 F10.42 ~ 0.98, UL ot BEE el  ARBAm BAZ/

Bl 1R 3, EER i) #l(%)  #l(%) %

2.3 HPV-16 DNA B85 5 MR =ERENTE sce 103 33(320) 63(612) 7(68) 68.0

X HSIL 251 176 (70.1) 69 (275) 6(24) 299
SCC 41, HSIL 41 K& Xf M 41 HPV-16 J [N # gy, 34 31(912) 3(88)  0(00) 8.8

BARMNBBBIE, ZREARIUT¥EL (Z= 40 38(950) 1(25) 1(25) 50

.31.
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8.530, P =0.000 ).

HPV-16 DNA #4581 H HSIL 5 SCC XU 41
FANER FHAES M Logistic HIH4HT, HASE: (V) 24
U= EE L 5 R IR 2SR ) B JE e HoAth HR-HPV
RIS A5 iRl (@ =0.10 ). Logistic [H1IH4)
BT S8 7% R R AR S B B e e oAt 25 7 HR-HPV
HZ 5, HPV-16 DNA 4 53L& HSIL 3 SCC XU
ff) OR=2.30 (95% CI : 1.62, 3.18 ).

Tie

WSS R BoR, HPV-16 DNA %84 3R b ey 5k
AINE S, X255 O 1 — e ST A A
— 3" ARBIFGE AR A U R A S A AN [ )
R AR HE—2E 3 HPV-16 DNA fEEASRAE, R
M Logistic [MH45 R B /R HPV-16 3L R 44 5
8 HSIL 3¢ SCC MRS AHDG, i — 20 SRR 2R A2
iE HPV- OGRS 2518 ™ . HPV JER A5
AR AT RS I8 L A HPV Rp2th iy, DU REEE S
J5 B2 fURBHRT R FEIRERY RS, IS E6 . E7 itk
PRI IR I, IR 8 30 L I As i & A S ak,
ZAIEEE R R A — 853 (32.0% ) SCC ZeMEAE
A AR RS R HPV-16 JER 4, X 5 SCrk4RaE 19 He
i (24.7% ~ 34.0% ) FRL™ 7. HREIE T E IUE K
AETEAEALEI AR e BB, AR g SRt — 2 Sk
HPV 3[R 24 3 4 JF AR B S0 & A L B X —
W — BB i R 7E B SRR 2§ A HPV DNA
IR T, AN 1 R DR 2 s A% 14 T g 3L
E6. E7 BURILH PRI ", FRIRETE S S
HE eI BN R A, (RN A e S AR o
AR RAE . Bk, #E W5 HPY A
A S 50 e A= B BARAE AL, A0 feyie ik i A OC
PRI ) B e S A7 18 5 DR sl R WO 3t 1 42 S MLy
TR B HPV - AH G g 1) & s L R AL B 0 A (i
FOEEYEN

AN, R B RAE L L UESE Y LSIL M OE &
B E L A0 A RE AN B 4 A A HPV-16 JEH 4,
AR — L UE R FE R S R AR E HPV-16 B H
SR U — i Y CARAE AR LSIL BUEH
b AHI R HPV-16 DNA B384 230 Bl sh ek,
M 8.0% (5/62) " — 28.2% (3/11) ™ — 43.8% (7/16)
—60.0% (3/5) "V, %25 REER /TR AR A A
Yy - WP R, Wb X SR SE AR A ] G T

3

Jitke

WSS /RIS . B e, RHIZHE PCR
FoAR W65 B2, E6 S0 E2/E6 S HAH PF
fli HPV-16 DNA RYREGRAS, AR RMAIZITIARE
SRR A HPV DNA B9PRPPIRES, 58— PCR
LA LU RE RS SN W SE 1Y E2/E6 LA ™Y, B TH
B v b Bz AR bR AN AT e S W ME# R AR TR
EY, ZITEABEIX MR RS R L B AR A
e SRV AR BT AL R DNA, 08 P I AF TR —
ANESHMIAN . NI, FERARAIPTIE HR A K
o HPV IBGOIRZS RIVR IO AT #1705 1
PG HPV 1A, S8)5 BEAT HPV DNA 2341 ), 7]
REZ TR A5 78 HPV— R OGRS & A= AL Hh B4
RO AR I3 . HIRk, HPV JENAH B
7 KBS B e e (RS IR BT Rim 1 ) Al
AESE 2 NS B e, IRBFTE A AT e DR 4
B, PO S R R SRAE DU A B T
R R R A B AL HE R R A BUR AL . R
I, ZBPSERISE SR — 2 SRR R R A (22 HPV- A
KM RS IE . B =, TSP R I E2/E6
FLAELAE D HPV DNA B 5 i Uiy, 287 E2 S
& HPV DNA B4 LS5 X3 5 {H HPV DNA 2 5 if
FIREW M E1 FEN AR a2 o NI, g — A
E1 P70 B S D o 35 28 5 8 HPV - HH SR & 2
FRFE RSSO S 5 IF Bt — 22 IS
TR RE R A A BLAR S SUE A pIL ] S B S A M RY
HRMEE.

L5 LR, HPV-16 DNA [ 3 B S B0 A2 1Y
JNE i, HPV-16 DNA #4588 HSIL & LA b
TSR U AFAEAR G, 3R] HPV-16 JEN AR5
ARG R AR SR S, R A TS B0 L
R AR
& X 3 #f:
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