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[ Abstract ] Objective To investigate the correlation between methylation in human
papillomavirus 16 (HPV16) long control region (LCR) and cervical intraepithelial neoplasia grade >2
(CIN2+). Methods The literature retrieval was conducted by using the databases of PubMed,
Embase, Cochrane Library, Web of Science, CNKI, Wanfang data and Weipu according to the inclusion
and exclusion criteria, and the retrieval period was from the establishment of the databases to
February 27", 2022. Software RevMan 5.3 and Stata 15.1 were used for Meta-analysis. Results A
total of 17 literatures were included involving 1 421 subjects. Results of Meta-analysis showed that
OR of the correlation between methylation of HPV16 LCR and CIN2+ was 1.56 (95%CI: 0.70-3.47).
Subgroup analysis showed that methylation of the 5' terminal, enhancer and promoter regions were
not associated with CIN2+, while in four E2 binding sites (E2BS), the methylation of E2BS1, E2BS3
and E2BS4 increased the risk of CIN2+, with the ORs of 3.92 (95%CI: 1.92-7.99), 10.50 (95%CI:
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3.67-30.04) and 3.65 (95%CI: 1.58-8.41), respectively. However, subgroup analysis on E2BS2 was
not performed due to the limitation of the number of literatures. According to the different sources
of population, the risk of CIN2+ in Chinese population was associated with methylation of HPV16
LCR (OR=2.14, 95%CI: 1.31-3.50). There was a correlation between the risk of CIN2+ and HPV16
LCR methylation in the population with pyrosequencing of HPV16 LCR, and OR was 1.75 (95%CI:
1.03-2.98). Conclusion The risk of CIN2+ is correlated with the methylation of E2BS in HPV16

LCR, which can be used as potential biomarkers.
[ Key words ] Human papillomavirus;
neoplasia; Meta-analysis

DNA methylation;

Cervical intraepithelial

Fund programs: National Natural Science Foundation of China (81703313, 81872705);
Natural Science Research Project of Shanxi Province (202103021224354)

2020 4 42 BRJAE S0 1AM 0w | B S0 O
Tt SV K A PR AE |, s 28 v [ Lo Vi e rh oAk
EVAN DAY A e SRTIE T8 oF VAR R 911 7 ¥ i e i)
B R . m G R HPV By R3S fye 1 5 i MO
H A8 1 B0 R 2, o, 16 2 =2 308
G, R R S R R R T 60% .
HPV16 & —Ff Y | Rz 41 /9 DNA J5 7% , £ 25 H
Wi X (E X, 4% E1.E2 . E4 E5.E6 f1 E7 3
PRL) L 6 30 20 i DX (L DX, A0 5% L1 RR L2 BB ) A 4%
il X (LCR)™ . FLHALH E2 (E6 Fl E7 78 HPV U
AR E ZOCEZMMER, b, E2 IR G S
L E6 FVET I % sik , DN IT 52 M) B 25008 1Y) & 2B %
JES AL R R A5 J2 A SE AR 1 L1 AR AR
L2, 2 5N aE BORL A 4125 |, 700 B e o & v
KEREBEMEHY . LCRZIEHID X, X HPV JE K &2
il FN 2238 B HEVR IR A5 5 v 1 5 XRIE
X 3D e i 7 B, R T 4 B2 455
£7 & (E2BS) 1T 5 E2 #1745 6 IR IF B2 1IE# & 5
ige' . DNA HJEARAE Ry 3R W ast f 24 1) 2257+
ML, X IE 1 % A & R R . B, 5%
T HPV16 LCR H B4k 5 5 200 S0 i 2428 i AH ¢
WA 2 A0 i T8 S0 A8 3L ) A A ARk
R NBERIR | R ARG I v 25 (R R [R)  BIFE 45
FEAE2ZE R, BHHU LK NIEAS 190 (CINT) % %
2190 60% , K Z 88 E T iay7 Bl aT A &, i 5 3
e He PR AR 2 90 (CIN2) J& T i B B BB RN A2, K
A R AR RURS: 2, R e, CIN2 B2 DL I 9 AR
(CIN2+) 9 & HEHLHMER TR A I R G HAR T . A
¢ B AE43Hr HPV16 LCR F 34k 55 CIN2+ 4 5 XL
Bz 1) 56 2R, AU by ey 300 11 & ZE WL Rt — 25 1
PR

ARG TE

1. SCHRAE 2R < K R I SCEHE % (PubMed , Web

of Science , Cochrane Library \Medline &2 Embase) , DA
K SRS 12 o R R0 R 7 R R 55-°F- 65
H ] A 0 2 SR Bt P 0 A a2 ), AR )
BR[O PR 22 202242 H 27 H o B30 & i
$5 “HPV 16” “HPV-16" “Human papillomavirus 16”
“LCR” “Long Control Region” “URR” “upstream
regulatory region” “methylation” “DNA methylation”
“Uterine  Cervical Neoplasm” “Uterine Cervical
Cancer” “Cervical Cancer” “Cervical Neoplasm”
“Cancer of the Cervix’ “Cervix Cancer” “Cervix
Neoplasm” “Cervical Intraepithelial Neoplasia” , H1 3C
BRI AN FLS R " HPV 167 3L IR i
B 167 “LCR™“ At DX R X7 b fie s ol X7
“ VR AR X AL “DNA H AR R S
CEHUMR T E S e AR A,
TR RN ASCIRAYZ 25 SCHk, 0] RE A& $R 4

2. NG HEBRARE - A ABRUE : DA TF R R
HPV16 LCR H Ak 55 5 S0 A2 e A e SR SR AR I A
SRS s QBFTE R G Ry H LB A L A B 12 1
IEH B HPV16 BHAE (5 8 — A 22 L ) AR 5
@B IR Fy i (91 % BRI 5 i 49 A SCHiR 1) 151
41k CIN2+J A28 119 £, %t HRA kg By 3901 12 g A
1% S VAR R 22 (<CIN2) A4 JCAE IR HPV16 k4t
5 F(E) CINT B s ©RE UG SCHk Hh B H2 5
) 3R AT & A B Y K00 X () — BT 50 i 2 4l
F14 SCRIR PP RS Fe 52 1) SR . HEBR AR v - DEE 5
HE ORISR B AN A 18 SR s A6 A
FRIIBESE s @RME AR BFIE A S 2 L5
S IE AR N

3. SCHR I 16 -5 SCHRBCRE VTR < i 2 4 WF9E A5
R SCHER AN HEBR AR 04 2 2 0 BT A SOk A T
b ST 0 L R T A AR BE IR) S RE A SE 19 SCHR L 28 i
2 NFIRIF R = NE R E R B IA . X THI
Ui 24 A B SR 38 5 20 S i K - 08 R AR B SR (NOS
) SCHR BT VP R AEAT BUR T A, A A v



PRI AT 2435 2022 4E 11 45 43 %45 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11 - 1823 -

LRI ST AN RE AL BE 4[] ] B 2 2 K 2 Al
o SCHRBE S0 90 0 9 43, 0~3 43 A A1 i 1
G, 4~6 43 AR TR F I, 27 43 R R LAY AR
WFFE Hg A = AR .

4. GERHI I $8 Uk TR A S B L 2L
P B IO AL FE SCHR P — M R (g B 3B —AE
HOER RGP R RN ) ARARERL AL
R 5 9 5 (91 2EL A R 2 N B0 K & A= HPV 16
LCR H Ak iy A%k

5. 82t 437 - % ) RevMan 5.3, Stata 15.1 4%
PEXTECE AT A3 AT o XA FSEIEAT Q KL SRl T 5
T, DL ORAE M H: 95%CIHE 8831431 HPV 16
LCR (9 B BLAb K- F CIN2+ R Z M R,
P>0.10 H. P<50% , $2 7~ 25 0 7% 45 S ) S v e b, 735
SR FHY 1 5 255 Iy A TR 5 U)o FH R AL AR AR, iR 7
A1 43 B 3 4R 5 TR R IR 5 R AT U 1 A A
Egger’s K 55 2k PPAk & 2% M 77 5 £ FH SO 23 B il
WA IR R R R W AT B AARRL
N BAFAERZ o A 56 K I =0.05.

# =R

1. SRR 1 « MR A 28 SR s AN A A HEBR B vfE
X RS SCRC PR A T A T AR 2R T B IIFTE TP e
(225 SCHk , e 22 31 180 4 SCifik , 28 i B )5, e
RN h o THIETRAR WL 1.

K REAR R ARAT SR«

PubMed 3345 . Web of Science 42%% . Embase 4155 . Cochrane
Library Sk T EIF24% . T80 AR IS F A 1R

A BR3P EAY EF SRR R2 1R, L1805k

R |

| MR | amEnamEeR

l—> MR 1 . LRk Sk

| PIEAI \ DAl SR BRI T 6
FARFI IO | IR
3R IR

R NS T XM EARSHELR

B SCHlka e

2. SCHR I SEAHFAE BB BF A - O AR 36
1421 BRGNS 52, Kk F A4 Ry 2003-2019 4, 8 T
BFFE B [ s 2 O STRIFFE A B R 1 3 Al
R0 ISR T B R R G
pEe R g TR SE R T A B R T 69
BT LB GER T AL 5P PCR

VIS SR A TR Ak SRR i o BT B4
B 6 T GEAE AR S Y Sy B A e
11 TG REAR JE TR Ry Fg 4101792 6 Tibf
JEERDT T HPV16 LCR E2BS it H 5Lk F1 ey 45 g A%
[y 56 Rl o0l g T 5E #8457 HPV16 LCR
5" iy 34 5 - DXORIE 3l X R A0 R B S0 AR 1Y
RFR e 022 SRR N HEBR AR I 4 SRR
FHNOS 3 3 X 4 i SCik (9 BIF 98 o i iR AT 1A . 48
SCHR BT RPN, g A b A B i SOk 125 LR
SCHR S FEACRRAE S OSCHR BRI LR 1.

3. Meta 53 M4k

(1)HPV16 LCR H HAb 5 & 50 AR A C R 4%
HPV16 LCR W RAAVE N A 24 Fdsbn , S0 A 17 5
SCERAN A SE , BFE AT 38 1 421 f51], Forb CIN2+40
862 f5i , <CIN2 41 559 9l . XF Fir 4l A SCik 45 57 ot
Yo, W 2. P=80%, #E/R40 A Y SCHRATAE 5+
Ji SR FHBEALA N A R 147 4387, HPV 16 LCR
Al FE CIN2+2H F1<CIN2 4 8] (OR=1.56, 95%CI ;
0.70~3.47,P=0.280) £ 3 LG 225 L,

(2) 720 53 #r - o = 48 57 o % SR U, X LCR
5" I 5E - XORUR s 71X 3440 KEE AT T W44y
Mro BT 535S 8 FIX P>50%, #8034~ X 4R
H Bl BIL &% R B AL 45 SR B R, 5 5 (OR=2.07,
95%CI: 0.76~5.65, P=0.160) . 3 i ¥ [X. (OR=1.88,
95%CI:0.85~4.15, P=0.120) Fl1 3 5 - X (OR=1.18,
95%CI:0.41~3.37,P=0.760) £ CIN2+£ Fl1<CIN2 £
[ 22 g2 . WEI 3, #F—2 % LCR
P43 A () E2BS #4147 , 45 41 P<50% , R
FH I 5 2% A R, 45 S R, E2BS1 (OR=3.92,
95%CI: 1.92~7.99, P<0.001) . E2BS3 (OR=10.50,
95%CI: 3.67~30.04, P<0.001) Fl E2BS4 (OR=3.65,
95%CI: 1.58~8.41,P=0.002) 7 CIN2+£H F1<CIN2 2
[ (0 22 S XA Geit2A 8 Lo W 40 X AR IR
AT L0530 #7 , v R CIN2+4H /) HPV16 LCR B
FALK T<CIN2 4, 22 5 A geit24 2 X (P=0.002) ;
oA FE 58 A HE CIN2+2H A< CIN2 2 7] F Ak 22 536
Gt L (P=0.730) . % H IEALK I i 26470
AT, R AR R AR I 7 7 v i AN CIN2+41
FT<CIN2 21 [|) B 26 4k 22 5 C 4t it % 3 L (P=
0.640) 5 >R FH £5 B 12 I )57 75 32 9 N B CIN2+ 41 119
HPV16 LCR I 3fL KR F<CIN2 4, 2 R A SiitF 0
SL(P=0.040) . FZFEARSSRIGEAT L0 530 #7 , FEAR DS
T g 56 9% 200 L 1749 A BRE CIN2+2H F1<CIN2 2H ] FH 24k,
2R TG 2 L (P=0.160) ; FEAS B ke 8520



- 1824 - PR TR AR

24511 A% 43 55 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11

1 SUIROYIEARRAE S T = 7T
—VEH LSS0 RREG AR BEABIE(<CIN2/CIN2+) FEAZSHY LORIUDIRES SCHR R A
Badal 2003 Hhnk 38/43 WIS AN/HS TR A I 6
Bhattacharjee”! 2006 I 15/57 G ANML/Z1EY T ER SR D 7
Hong "’ 2008 hE 31/39 RIS AN/ S AT 6
Hublarova'?"! 2009 Hr i 29/112 Jd 9% 40 it /20 27 PP S AL ORI il 20 B 6
Ding"?! 2009 P 17/36 HH A R SR T 6
Xi?! 2011 eS| 117/94 MRS /L WHLRR A 7
Snellenberg ™! 2012 % 17/48 HY1 LR AR M PCR 1% 6
Lorincz'” 2013 B [5] 48/25 75 40 FEwRmRIN 7 8
Jacquin! 2013 B 44/42 HE BRI T 7
HG e 2013 r 30/30 Jiid 7% 4 g PRI T 6
Leung'” 2014 w 43/94 BV AL/ ZH S AR T 6
Simanaviciene ! 2015 7. Ve %8 39/118 H e WA RR S 5
Gasperov'®! 2015 LB LT 6/6 4141 A 1 S R D ) 7
T 2016 ] 10/10 it 7 4 i SRR AR 5
Wang'®' 2017 rh 32/67 75 4 i DR iCE R R 6
ZE 2018 | 18/23 it v 4 i FERE R 5
Zhang ' 2019 i 25/18 T 4 FEER I 7 6
CIN2+4H <CIN2#4H
H—EH R FIER e TIERE gy 4
BH3CHk NE NE P RUE(%) OR{E(95%CI)

Badal® 4 43 16 38 6.7 0.14(0.04~0.47)

Bhattacharjee!”! 31 57 6 15 6.8 1.79(0.56~5.69) ]

Hong!™! 28 39 15 31 7.1 2.72(1.01~7.32) —

Hublarova'®" 38 112 2 29 72 0.16(0.06~0.42) —_—

Ding!™! 15 36 1 17 5.1 11.43(1.36~95.80)

Xil2! 8 94 32 117 73 0.25(0.11~0.57) —_—

Snellenberg!"”! 40 48 4 17 6.5 16.25(4.20~62.91)

i 6 30 10 30 6.8 0.50(0.15~1.62) .

Lorincz!” 1 25 1 48 4.0 1.96(0.12~32.69)

Jacquin”! 8 42 1 44 5.1 10.12(1.21~84.88)

Leung!"” 7 9% 2 43 6.0 1.65(0.33~8.29) B B

Simanaviciene?! 28 118 1 39 53 11.82(1.55~90.05)

GaSperov!! 2 6 3 6 4.7 0.50(0.05~5.15) —

e 3 10 1 10 45 3.86(0.33~45.57)

Wang'! 2 67 3 32 6.6 4.73(1 30~17.23)

ZEH Hn 2 23 2 18 5.1 0.76(0.10~6.01) —

Zhang!™! 2 18 2 25 52 1.44(0.18~11.29) —

At 245 862 122 559 1000 1.56(0.70~3.47) -

(P=80%, P=0.280) | ; : :

0.01 0.1 1 10 100
B2 HPVI6 G X A B S A8 06 R 09 5 B 43 b
2L N TE CIN2+2H FI<CIN2 41 1) B 34k 22 3 e g3 50 N80 i BEUGHEA T U A3 BT L AT A A BAT

2R (P=0.400), W2,

(3) K FAmAar PPAL - X BT A0 ARS8 04T K 3% D
R PEAL , Egger’s 46 46 25 5 P=0.143, H.i 3} &
FRERNANTFE K F 055 DL A B TR A XS R, W 4 F
FEIRTCH 0 A el far . DLIEI 5

(4) BB 5341 < X7 i 98 AR 98 1464 T SRR A 3
BT, AR S BUAFAE S BRSO B W I8 10 3 Y B A
8. WK 6. ST REA E X B IE 45 SR 52, 43 3]
TR NREAR R GY (FEA <30 N BiHEA <

TE BUSRREON AR ]I P B Y BRSBTS, S 7R AR
Meta s i f P4

AR AANT G

i

Sk, 83 T HPV16 LCR H

FeAb Y5 CIN2+ & A= XU YA G . LCR A9 342
A3 XA A JE P 35 A1 HPV & B i 19 T3 91 35 % |
Horp i Bl DT U8 0 R B Rk . Meta



PRI AT 2435 2022 4E 11 45 43 %45 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11 - 1825 -
CIN2+4H <CIN24H

E =BT N ™ N ® (%)  ORfE(95%CI)

5'ii
Bhattacharjee® 31 57 6 15 6.4 1.79(0.56~5.69)

e G 8 30 9 30 6.5 0.85(0.28~2.61)

DI
Simanaviciene!??! 20 118 1 39 4.4 7.76(1.01~59.82)
ERT 3 20 2 10 4.5 0.71(0.10~5.10)
Wang® 19 70 1 30 43 10.80(1.37~84.93) J
/it 81 295 19 124 26.1 2.07(0.76~5.65) >
(P=51%, P=0.160)

RSB FIX.
Xil24l 1 9 5 24 39  047(0.05~4.74)
BTG AN 3 30 2 30 48 1.56(0.24~10.05)
Simanaviciene!??! 26 118 3 39 6.2 3.39(0.97~11.90)
T pus 320 2 10 45 0.71(0.10~5.10)
Wang!®! 8 61 1 30 42 4.38(0.52~36.75)
/N 41 238 13 133 23.6 1.88(0.85~4.15) *
(P=0, P=0.120)

AT 3 6 15 6.4  1.79(0.56~5.69)
Bhattachariee!s! 1 57 . . .56~5.
Hoig. .ffarjee 17 39 10 31 6.8  1.62(0.61~4.34)
Hublarova®!! 38 112 22 29 6.9 0.16(0.06~0.42) —_—
24 317 10 34 57 0.51(0.12~2.19)
Lorincz!™ 125 1 48 3.1 1.96(0.12~32.69)
BIGARe 7 30 20 30 6.5  0.15(0.05~0.47) _—
Simanaviciene??! 30 118 1 39 44 12.95(1.70~98.48)
- s 4 20 1 10 3.8 2.25(0.22~2332)
Wang!®! 33 72 5 37 6.7  5.42(1.89~15.48) _
/it 164 490 76 273 50.3 1.18(0.41~3.37) -
(P=82%, P=0.760)

&it 286 1023 108 530 100.0 1.46(0.78~2.74)

(P=70%, P=0.230) r

0.01 0.1 1 10 100

3 HPVI6 KA ] DX H A5 8 S0 AL R G (4 57 v o3 A

A3 HT4s B R, HPV16 LCR 346 5 CIN2+1 &k A=
KBS R S 7R A e . Bowden 252 ) Meta 43 ifF 57
G SR — 8, AR TR Z i — BT 3
SCHR AR A5y B 3T 1) 8 SCOCHiR , FRUTIE S AN REIA Y
HPV16 LCR i H S AL AR B 5 CIN2+ 1% & Az AU A7
%o DNA FF Ak n] B2 HPV #k ik g T X0l 41 i
P PR S e U I — b ik T BRI S R A
A U35 A5 A5 A0 AT RS2 —Fh FL AR AR, BT LA A
71 K50 5 W - 2 - 5 MRS (Cop G A7 a5 ELAT fd 25 T
PIRIRE S o E—2S T LCR A E2BS 17 T
WA AT, 45 5 B s E2BS H AL n] B8 i CIN2+ /Y
RANE: . E2BS & A ] fig & A4 H B4 1 CpG 1if
M HE AP S E2 5 E2BS Y45 & E2R
FE 1E B #5208 S BE R 25 90 BE 1R E6 F E7 1) % S 41D
T DIRE , i1 E6 Al E7 5% 38 5, 4 9 75 1Y &2
FG S I A R EUE AR &, Cheung 557
FIF 9T J2 B, E2BS 76 5 50 A0 F AL R i T
PN EBUREAE , SRS AE R —3 X E2BS2H
SEAL B A S AN 2 5, BOR X H R4 T 21 557
XF AR IEAT 1 A o3 BT 4 5 o, A0 B R

CIN2+H4 % A2 XU 5 HPV 16 LCR FRLAL ARG, n] fig
SRR A A IREE R AR IS SIS I R B 2 i X
FH ARSI 7 v A 7 () S 4 A3 AT 25 1 S s, SR 4
T8 2 U0 P 2 AR AT R D P A CIN2+ ) A JRUISS: T
fiE5 HPV16 LCR ARG . FEBERR I 7 ml 4%
193] HWAZIR 7 B e 91, % 27~ CpG A i i HE 2
MRS HEA T T PPAL, T A MR M 6T LR i AT
K, I AR S, R T2 S n
P IV A IR AR 0 P B A2 A N 4 A A TR 4
DNA 119 F AR AR, ml ARG I 381 FRY £ i) A -
LR AR A B U7 B, (0 B 22 PR A BT 07 25 A
HH ARG IO, SO AR

AT R NOS £ MF 58 AT A 1E 45 2 1]
AT P R 5 DR ER A I 4 3 O TR TR AT SOk
Fr P, Hor S TG A e B, Ay 12 R vh
G, Z BT I LR ] DT A AR AR T
orhnifE: OWF s FE ] T R Z IR N R QR
FE TATATHABIR A P R HE Iy AWFE R BT
BTG 43 AT B B A 3995 161 A6 ELAS ] L
AR EARDE 5y 32 B AL H] AT LM X —F8 bR 5



1826 -+ rRAEA TR AR AR 2022 4E 11 A5 43 555 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11
CIN2+4H <CIN24H

WS T e TR ws mamen  ortosec

E2BSI1
Bhattacharjee! 32 57 3 15 1.2 5.12(1.30~20.13) e —
Snellenberg!™! 31 48 2 17 56 13.68(2.79~67.04) -
Leung!!? 7 9% 2 43 137 1.65(0.33~8.29) -
22 e 2 23 2 36 77 1.62(021~12.38) T
Zhang!'? 2 18 2 25 80 1.44(0.18~11.29) 1
N 74 240 11 136 462 3.92(1.92~7.99) ®
(P=24%, P<0.001)

E2BS3
Snellenberg!"! 35 48 1 17 22 43.08(5.18~358.24) -_
Jacquin® 8 2 1 44 42 10.12(1.21~84.88) _—
Leung!'" 8 94 1 43 6.7  3.91(0.47~32.27) —_—
25 1 1 23 0 36 20 4.87(0.19~124.69)
Zhang!'? 1 18 0 25 21 437(0.17~113.64)
N 53 225 3 165 172 10.50(3.67~30.04) ->
(=0, P<0.001)

E2BS4
Snellenberg!!®! 21 48 3 17 134 3.63(0.92~14.30) -
Jacquint? 8 42 1 44 43 10.12(1.21~84.88) S —
Leung!'” 9 94 1 43 6.7 4.45(0.55~36.27) N —
25 P ) 1 23 2 36 80  0.77(0.07~9.04) L
Zhang!' 1 18 1 25 42 141(0.08~24.18)
N7 40 225 8 165 366  3.65(1.58~8.41) ->
(=0, P=0.002)

e <>

&1t 167 690 2 466 1000  4.95(3.08~7.96)

(=0, P<0.001)

&2 WHTER

W

HEA

4 g o ORH(95%CI Pl
| & /I\i!& Wﬂﬁ {a( 0 ) {E
NHEAUR
I 8 523 2.14(1.31~3.50)  0.002
HAhE %R 9 898 1.25(0.35~4.47) 0.730
FoRILRS
Vit i S R O 7 685 1.38(0.36~5.27)  0.640
SRRy 8 530 1.75(1.03~2.98)  0.040
FEAS
i 4 it 6 336 1.57(0.83~2.97)  0.160
(EE RN 11 1085 1.59(0.54~4.69)  0.400
0.0
%
@ 03 o0 o o d\\o
b o °
@I.O oo 8
X o o N\
9 \
als °
2.0
0.01 0.1 1 10 100
OR{i
B5 175 SCHk Y & 2

12 B 5EFJ0 & T b 2 B, (R 0 3530 rh 25
Jo A A e 2 T EL A AR b o BAR &, BT AR 5245
R BA BRI EE

0.01 0.1

—_—

10 100

4 HPVI16 K5 X E2 25507 H Ak 58 S A8 A0 S Pk 10 S5 v o e

B A ‘
BETR 95BCITHE o %t 95%CI L FR
Badal®! I o |
Bhattacharjeel™ I o 1
Hong™™!| o2 1
Ding!®! [}
Hublarova®!!
Xi|24|
Snellenberg!'”!
Lorincz!™ o
Jacquin®! | ¢ i
iFIN-T | f
Leung!'” } Y |
Simanaviciene!?! | | o
Gasperov!®'! o
Efom [y o
Wangl®! | o
257 i
Zhang!'?!

0.89 1.11 1.I33
El6 4 ABFIE AL BT

RIFFRAFLE BRI . ARG A B 5E R E
s (9% REAFE S, AT BEAFAE — 22 B % D ) 5 HLASHIF
FEINA RIS 349 Ry v S, AR FLA TS 75 A 5T 40
AT HAT — 8 0 7 T s B8, B TR R B SC
kK B0 B S S 3 Ak Bdis 22 R )4
HEAF3), 1] HE S A K Meta 230 BT 57 J5 1 488 K 1 5
K 22— A58 3 17 57 o3 1 R R R T LCR 45 43
B R R G ik IR AR, ] A A HoAth
P2 X HPV16 LCR H 34k 5 CIN2+ & Az KUBS: 1) 56

AR, WA R BT R R



FRAERA T AR 2022 4F 11 H 45 43 4355 11 ] Chin J Epidemiol, November 2022, Vol. 43, No. 11 - 1827
25 TR, AR 4 0, CIN2+ 119 & A XL 3' and long control region gene of HPV16 DNA and it's

K 5 HPV16 LCR B4 iy H bR /s A DG (3

5 E2BS i L A0 A G, v B HE R £E W 1R
W0 7 PG I A AR CIN2+ ) & 28 XU 5 HPV 16
LCR ) H A0 BAT AH DG o ARBFR IR T CIN2+
& A XU 5 HPV16 LCR W KeAk iy AH G, A
FFATE 2 B RS B AH SC A9 LAAS 31 3 i
T]ﬁ EI/J Qn Ko

FlaEmsE  TAEHES

(1]

(2]

[3]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

i EARUIES
& % X o

Cao W, Chen HD, Yu YW, et al. Changing profiles of cancer
burden worldwide and in China:a secondary analysis of
the global cancer statistics 2020[]]. Chin Med ], 2021,
134(7):783-791. D0I:10.1097/CM9.0000000000001474.
Olusola P, Banerjee HN, Philley ]V, et al. Human papilloma
virus-associated cervical cancer and health disparities[]].
Cells, 2019, 8(6):622. D0OI:10.3390/cells8060622.
Schiffman M, Solomon D. Cervical-cancer screening with
human papillomavirus and cytologic cotesting[]]. N Engl ]
Med, 2013, 369(24): 2324-2331. DOI: 10.1056/NEJMcp
1210379.
Amaro-Filho SM, Chaves CBP, Felix SP, et al. HPV DNA
methylation at the early promoter and E1/E2 integrity:a
comparison between HPV16, HPV18 and HPV45 in
cervical cancer[]]. Papillomavirus Res, 2018, 5:172-179.
DOI:10.1016/j.pvr.2018.04.002.
Bhattacharjee B, Sengupta S. CpG methylation of HPV16
LCR at E2 binding site proximal to P97 is associated with
cervical cancer in presence of intact E2[]]. Virology, 2006,
354(2):280-285. D0I1:10.1016/j.virol.2006.06.018.
Wang W, Sun ZR, Liu JH, et al. Increased methylation of
human papillomavirus type 16 DNA is associated with the
severity of cervical lesions in infected females from
northeast Chinaf[J]. Oncol Lett, 2017, 13(5): 3809-3816.
DO0I:10.3892/01.2017.5903.
Lorincz AT, Brentnall AR, Vasiljevi¢ N, et al. HPV16 L1 and
L2 DNA methylation predicts high-grade cervical
intraepithelial neoplasia in women with mildly abnormal
cervical cytology[J]. Int ] Cancer, 2013, 133(3): 637-644.
DO0I:10.1002/ijc.28050.
Senapati R, Senapati NN, Dwibedi B. Molecular
mechanisms of HPV mediated neoplastic progression[]].
Infect Agents Cancer, 2016, 11(1): 59. DOI: 10.1186/
s13027-016-0107-4.
Clarke MA, Wentzensen N, Mirabello L, et al. Human
papillomavirus DNA methylation as a potential biomarker
for cervical cancer[J]. Cancer Epidemiol Biomarkers Prey,
2012, 21(12): 2125-2137. DOI: 10.1158/1055-9965. EPI-
12-0905.
Moore LD, Le T, Fan GP. DNA methylation and its basic
function[]]. Neuropsychopharmacology, 2013, 38(1):
23-38.D01:10.1038/npp.2012.112.
Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized
studies in meta-analyses|[]]. Eur ] Epidemiol, 2010, 25(9):
603-605. D0I:10.1007/s10654-010-9491-z.
Zhang XA, Zhi YF, Li Y, et al. Study on the relationship
between methylation status of HPV16 E2 binding sites
and cervical lesions][J]. Clin Chim Acta, 2019, 493:98-103.
D0I1:10.1016/j.cca.2019.02.027.
Ding DC, Chiang MH, Lai HC, et al. Methylation of the long
control region of HPV16 is related to the severity of
cervical neoplasia[]]. Eur ] Obstet Gynecol Reprod Biol,
2009 147(2g 215-220. DOI:10. 1016/] €jogrb.2009.08.023.
ET BT, 4 HPV-16 E2 25 57 i H Ak K
e U b AL (CE R, 2010
27(4): 259-262, 267. DOI: 10.13283/j. cnki. xdfckjz. 2018.
04.004.
Li XF Fan TT, Zhi YF, et al. Study on the correlation
between methylation status of HPV-16 E2 binding sites
and cervical lesions[J]. Prog Obstet Gynecol, 2018, 27(4):
259-262,267.D0I1:10.13283 /j.cnki.xdfckjz.2018.04.004.
Hong D, Ye F, Lu WG, et al. Methylation status of the lon
control region of HPV16 in clinical cervical specimensl]].
Mg}sé\/led Rep, 2008, 1(4):555-560. DOI:10.3892/mmr. 1.
4.555.
E)ijl:na, i JEJE. HPV16 L1 JEIK 3'0ii £l LCR LI H1 AL 1
HEU Pk 1 0C & (1], AR 1A 7= B 245k, 2013, 48(8):607-
610. DOI:10. 3760/cma.j.issn.0529-567x.2013.08.010.
Hu Y], Qu PP. Relationship between the methylation of L1

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

pathogenicity[J]. Chin ] Obstet Gynecol, 2013, 48(8):607-
610.D0I:10.3760/cma.j.issn.0529-567x.2013.08.010.
Leung TW, Liu SS, Leung RCY, et al. HPV16 E2 binding
sites 1 and 2 become more methylated than E2 binding
site 4 during cervical carcinogenesis[]]. ] Med Virol, 2015,
87(6):1022-1033. DOI: 10 1002[1mv24129
ui JUAEE, R, 5. AFLIORH i 16 B IE (K
B Jﬁ*fif?&%ﬁ’]ﬁﬁﬁ[}] I B AR S
2016 45(4) 293-297. DOI: 10.12007/j. issn. 0258-4646.
2016.04.002.
Wang W, Liu JH, Wang GL, et al. Correlation between
severity of cervical lesions and methylation of human
papilloma virus type 16 DNA[J]. ] China Med Univ, 2016,
45(4): 293-297. DOI: 10.12007/j. issn. 0258-4646.2016.
04.002.

Snellenberg S, Schiitze DM, Claassen-Kramer D, et al.
Methylation status of the E2 binding sites of HPV16 in
cervical lesions determined with the Luminex® xMAP ™
system[]]. Virology, 2012, 422(2):357-365. D01:10.1016/j.
virol.2011.11.006.

Jacquin E, Baraquin A, Ramanah R, et al. Methylation of
human papillomavirus Type 16 CpG sites at E2-binding
site 1 (E2BS1), E2BS2, and the Spl-binding site in
cervical cancer samples as determined by high-resolution
melting analysis-PCR[J]. ] Clin Microbiol, 2013, 51(10):
3207-3215.D0I:10.1128/JCM.01106-13.

Hublarova P, Hrstka R, Rotterova P, et al. Prediction of
human papillomavirus 16 E6 gene expression and
cervical intraepithelial neoplasia progression by
methylation status[]]. Int ] Gynecol Cancer, 2009, 19(3):
321-325.D01:10.1111/IGC.0b013e31819 d8a5c.
Simanaviciene V, Popendikyte V, Gudleviciene Z, et al.
Different DNA methylation pattern of HPV16, HPV18 and
HPV51 genomes in asymptomatic HPV infection as
compared to cervical neoplasia[]]. Virology, 2015, 484:
227-233.D0I:10.1016/j.virol.2015.06.008.

GaSperov NM, Sabol I, Planini¢ P, et al. Methylated host
cell gene promoters and human papillomavirus type 16
and 18 predicting cervical lesions and cancer[]]. PLoS
One, 2015, 10(6):e0129452. DOI: 10.1371/journal. pone.
0129452

Xi LE, Jiang M], Shen ZP, et al. Inverse association between
methylation of human papillomavirus type 16 DNA and
risk of cervical intraepithelial neoplasia grades 2 or 3[]J].
PLoS One, 2011, 6(8):e23897. DOI:10.1371/journal.pone.
0023897.

Badal V, Chuang LSH, Tan EHH, et al. CpG methylation of
human papillomavirus type 16 DNA in cervical cancer cell
lines and in clinical specimens:genomic hypomethylation
correlates with carcinogenic progression[]]. J Virol, 2003,
77(11): 6227-6234. DOI: 10.1128/jvi. 77.11.6227-6234.
2003.

Bowden SJ, Kalliala I, Veroniki AA, et al. The use of human
papillomavirus DNA methylation in cervical intraepithelial
neoplasia: a systematic review and meta-analysis[]].
eBioMedicine, 2019, 50: 246-259. DOI: 10.1016/j. ebiom.
2019.10.053.

Dong L, Zhang L, Hu SY, et al. Risk stratification of HPV16
DNA methylation combined with E6 oncoprotein in
cervical cancer screening: a 10-year prospective cohort
study[J]. Clin Epigenet, 2020, 12(1): 62. DOI: 10.1186/
s13148-020-00853-1.

Thierry F. Transcriptional regulation of the
papillomavirus oncogenes by cellular and viral
transcription factors in cervical carcinomal]]. Virology,
2009, 384(2):375-379.D0I:10.1016/j.virol.2008.11.014.
Yang HJ. Aberrant DNA methylation in cervical
carcinogenesis[J]. Chin J Cancer, 2013, 32(1):42-48. DOI:
10.5732/c¢jc.012.10033.

Reuschenbach M, Huebbers CU, Prigge ES, et al
Methylation status of HPV16 E2-binding sites classifies
subtypes of HPV-associated oropharyngeal cancers[]].
Cancer, 2015, 121(12): 1966-1976. DOI: 10.1002/cncr.
29315.

Cheung JLK, Cheung TH, Yu MY, et al. Virological
characteristics of cervical cancers carrying pure episomal
form of HPV16 genome[J]. Gynecol Oncol, 2013, 131(2):
374-379.D01:10.1016/j.ygyno.2013.08.026.

Mix ], Saraiya M, Hallowell BD, et al. Cervical precancers
and cancers attributed to HPV types by race and ethnicity:
implications for vaccination, screening, and management
[J]. ] Natl Cancer Inst, 2022, 114(6): 845-853. DOI: 10.

1093§n01/d]ac0

z VLR, 25 Jlbﬁ&éki'\{lﬂl Ihgr=al Wnt
15 il g ﬁﬂ%‘l%lﬂfﬁ P I 2 0 s 20 At v
AEARAR[]]. P SE S I 2 A%k, 2016, 24(5):1299- 1304
Yan ]G, Fu HY, Shen JZ, et al. Application of bisulfite
sequencing PCR in detecting the abnormal methylation of
suppressor gene of Wnt signaling pathway in acute
promyelocytic leukemia[]]. ] Exp Hematol, 2016, 24(5):
1299-1304.



