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Abstract

Cervical cancer is a common malignancy of the female reproductive system, and its occurrence and
progression are closely associated with persistent infection of high-risk human papillomavirus
(hrHPV). In recent years, with the widespread implementation of cervical cancer screening, improv-
ing the ability to identify high-grade lesions while maintaining screening sensitivity and reducing
unnecessary colposcopy referrals has become a critical issue in the field of cervical cancer preven-
tion and control. As an important form of epigenetic regulation, DNA methylation plays a significant
role in the development and progression of cervical cancer and cervical precancerous lesions. Com-
pared with single-gene methylation detection, combined multi-gene methylation testing provides a
more comprehensive reflection of host epigenetic abnormalities and enhances lesion stratification.
The methylation detection panel consisting of the six genes—ASTN1, DLX1, ITGA4, RXFP3, SOX17,
and ZNF671, is a host methylation biomarker that has garnered considerable attention in recent
years. It has shown promising application value in the screening of cervical cancer and precancer-
ous lesions, triage management of hrHPV-positive populations, lesion risk assessment, and auxiliary
clinical decision-making. This article reviews the biological basis, clinical application value, advantages
of combined detection, and existing challenges of this six-gene methylation panel in cervical cancer
and cervical precancerous lesions, aiming to provide a reference for precision screening and indi-
vidualized management of cervical cancer.
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1. By

U A RO L P R O WA R 2 —, HOR AR R R G T — AN ESHEAR I AR, AP
FH RS 1) fa N FL KI5 (hrHPV) L TR 46, 320 R N B 31 iz P 98347 (Cervical Intraepithelial Neo-
plasia, CIN), JffxZit e IVIRIANE E U [1]-[5]. ITAER, FT hrHPV Rl 4 76 A A 1 s ke
(i A e 2 v B U A B AR R %, (HIA SRR AE — € RFR: hrHPV il B R 4L
U, (RRE R AR AN AL s G A A SR AR R R S s ROR s WE SR s R BN E S
WiFB, #JE T RAMERA, MELVENEAR N s E s TR [1]-[7].

DNA FEAL R HBTH FUIBON ) 2 () — R R ML A F 0, S8 (10 P AL O3 R 8 3 B0 ik R 3R 1A
RN, RIS 22 5] ES 20 HA 1 28 2k A DA K Jie g A DG A5 5 e Rk, TR B S0 I R AR R R SR AR
HAREZEAB] [9]. AR, 53002 R R 1E £ 2 A B R AL AUE D I R R,
HHLBAPE R A0 e E R 2 IEAH DG, DN T = S0 A A A PR R R KGR DA R I AR 4
HABKE J1[2]-[5]
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BEE R TEIR N, BN B[R] Y A R 0 T Xt A 2 I PR BB M AR S P R SR, 2 PRI B
R0 B A B 2 5 1A1[10]-[17]. ASTNL. DLX1. ITGA4. RXFP3. SOX17 Il ZNF671 Ky (1) 753 A H
B L, SRl S RAE B B I A S IR A 2 BB SR K — 3 RS I AR [1] [6] [10]-
[19]: 2025 =AM (T 2K 7N =D B BRI A2 -1 2 30 B e w911 PR R A o [ SR D) gt — 2P
W, X R =R AE AR SAIT FE B BOZ A 9] R L A B B 1]

2. DNA BEU S EFTEREIRELAELRIXA

BRI R AR BANE hrHPV RRSR YL PIAEOE, 515 32 5 D52 I 10 28 00 188 4% o503 25 AN v] 43
[2]-[5] [20]-[23]. PEIEWZAEERAT, DNA HIEAWTESHEFFIA PN Q502 DL ekt
EVERIYERr: TEMR R AR R R R, S e B AT AT o IAE A B N B R B A AR DG B
DAL J3 2 X3, T S I e BE R FR s SZ B, B B e 5 198 . TR T Re 0 T B DA S AR 28
LR HE SI3E5R[2]-[5] [20]-[22]

ERERNR, B IR E AL U ARE R B I, T2 7R BT AR B B g b
KAE[3]-[5] [20]-[23]. BEHERAS B IES B8, RIE. LSIL B4 K EE HSIL JHE R, FOHE R HHk
IS R R R A 7K P A A SR 8 34 [3]-[5] [11] [12] [14] [24]-[34]. X FhAR Ak FH A Ay HH Ak A6 I 4 25 20
7 A S RV, 3 B b ) P A 1 P B A

AL AR ARG A EE, DNA FF ARG I B i S g 2 40 iR 75 28 Ok 2B 5 ik e R S 1 s o 1
SR, AR “RBIEG hrHPV” 246, @4k 77— AN SR s AR Jo ) RURS: PP At 48 B2 [1]-[5] [23] X
2 F B A U S A e 0 2 43 A 9 A S ) B R R [10] [16]-[19] [23] 6

3. ASTN1, DLX1. ITGA4, RXFP3., SOX17 #1 ZNF671 ~EFEHE{HEF

% B R E A R AR I 1 e OB FE T8 6 2 M8 R Rl 5 8, DASRE e o 248 S ot 1 1)
B aiReI[6] [10]-[17]. B3R SRR IR — o FHAIREN, AFEEFE . ANFEREER T ZF—
BEARFENBI T REY TR ZER . Fik, BEZAN5Em . B (5555 KR i A
SRIE RIEAT FE A AT, R SR R U B AR, B A R T A AR VP 43 A 24 [ 10]-[17] [23].

ASTN1. DLX1. ITGA4. RXFP3. SOX17 1 ZNF671 4 5l ¥h M 4l & & 42 . SR . 4R Bl b
RS S5 G R R AR 25 2 AN ERAE[11] [12] [15] [20]-[22]« Herbr, SOX17 A1 ZNF671 78 & 250 48 b I F
FAXELZ , A UEHE s Ho e R 5 8 200 2 s A2 A 35008 85 ) AH < [14] [29] [33] [34]; T ASTNL.
DLX1. ITGA4 il RXFP3 B8 Z ATy 22 JE [RI A A5 20 A P 2L A s 57, S ) 8 e TR A XS 9 A 5 J 1 P4 R 531
AE7J[11] [12] [15]. BRIk, BRFTBCERG 2R3 2, SRR 7S N ARy —Fh 2 A7 s U6 PR A A
TSR, 17T AN T BB AR R A B — B R B AR T

4. RERRENMAEESTEIFETNANE

B 30 B4 R OB TR B R B IR R B S = O B A8, JGH 2 CIN2+AT CIN3+ [1] [10]-
[19]1[23]. CAWFFLEIA, ASTNL1. DLX1. ITGA4., RXFP3. SOX17 Fl ZNF671 iX /AN A fry F I fh 2
PSRRI 28 J F ALK, 2B A B 200003 A2 R B (19 00 260 T v [11] [12] [15] [16] [24]-[34]: 2023 [
FE—DHa, X NERPCARITE R HSIL f 5 508 77 1 A B ar iz skag, H4id AUC, )
TR FE AR S BE S AL T R A HPV A B R A0 B 27 A A [15] o b4k, 53— TE T A ZbR AT J& B 7t
WAEIR, XN 515 T AH 5T R S 3l DX ) F A0 AR A S50 A8 71 R P 2 AR AE AR OGP, IF Xt
CIN2+F1 CIN3+Jp A8 B A — & ri2 Wi E[14]

XFFARGONIRALT 5 5 AH 2 — 7 7] B ARTHIR , (HIRA 4 S S RF e HL 2 3k RE [3]-[5] [20]-[23]
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AU hrHPV RS BRI AN 22 45 R, A A M LSS HE 23 |2 o 7 J25 DR R RS ARG ) o PPk 1 2 300
AL SCRREE, AR BN EOYBARG, H5r T2 T ORI 85 RS i i ) i3
[14]-[17] [29] [33] [34]. XEMAE, ZAMARAM AT T “ AR = EAR A" R B, Hn] RerE
CARARE RIS VA R IEVER

UbAh,  PREEAS BN BB WS, (H I IE R SR AEE — B R, AR AT A S DR
AT —BIIIGIHFAD W 7SEEE B IE N T R 28R, B — SR E LyRih s
B AW R PR IE[L] [18]. X TR B SR SIRIRR A —8 & 58 20 LA I 4 I ],
R RGBSR H B S

5. NEEPEALE hrHPV FAMEABE S RPRIRA

MR E VR 2 K hrHPV AL, (R SR R, DRI R A R0 IR A T Bl L O i
38 A A I NBE[1]-[5] [23]. 7S HDH A& TIX —3 5. BN hrHPV Kl R B2 “ & fE
JRYRBAAAE” 5 /SR SE S 2 “05 A2 S COR A 5 MR it B A SR R M AL S
PR 8 DR 2 RN 3 SR 2 T B A B S B [1] [10]-[19] [23]

2024 M AFIBE LR, FE HPV BRI 2ot ABE, 7SR FE A I ARo0r CIN2+H1T CIN3+p A8 #E
AT RE 7T, i H AR S8 ™ AR 2 A R IEAEOGOC R M AL, SR AR
WHEAT R )G, B RES ] SR/ D BB B 2 I EL I [16]. 2025 4E (R Sk — 2 Fa ., 7€ HPV DNA BHE
e, GynTect 7N 3E PR H AL TR AT FH K6 I CING A0 e 2, 3 & TR m R iV [17]. [F4ER
K E 2 PO RTIEMERT TS, X —TE R E hrHPV B 2ot R PRl 15 3 DNA H (L it RE R
KFEATTHETERE AL, Sz P o B 05 2 37 5t b B B s R AL AN B [19] -

FiAh, 2025 EIFFIE RN, 2 AR R IEWRIICE hrHPV BIPEER S X CIN2+ B A BT /i
i, BXE HPV16/18 0BG I Witk REAL T “HPV16/18+41 i HIZH A [20]. 33X 5 B /N 8] H JE Ak OF
AR R, &S ERCEIIA AR, A AR R A LA BT IR G B 19 TR [1] [16]-[20]
[23].

6. NEFPEASHEE, HPV SERHMENITERELE

HAET, 76 hrHPV Al 25 5 A PR fE ik — B i b, AR 2 A R 2 A A A (TCT)s A
o, MR E AR S A —E R AW R, S EIAUR 2 A7 45 5 — S0P 75 TH 1 m] REA77E 2 7 [1]-[5] -
ANFE A AU JE T 2 R e br, RIS bR ) 406 22 A R MO SEIA . A G ELASRIT 7T
R, TE HPV FHME i, GynTect 752 A FEALAS IS CINS+I2 Wi aff 14 o] O T = S a2,
T/ CIN2- 825 A b BEFTIE B2 5412 [16] [17] [20] [23].

1E HPV16/18 43 B4 77 1], FAR 16/18 Y By it i i Mk i RUIRES s (H AR = A AR 4 b T
X ARLR G (23] 22 HEDH FR BRI e 4 S 15 0 A5 B, U B T-XE9E 16/18 7Y hrHPV FHME
BEAT 3E— 0 AR 40 23 [19] [20] [32]. DRIk, SEILSEHI KR R 7 1A HEAN A2 BA/N BE D] R R A 58 4 85 A 40 M 22 B
HPV 7354, T2 “hrHPV + ZNIEDH FHIEAL” 5 “HPV16/18 4378 + JNFERIHIEAL ™ 112 4k B 7y st
2, DATERUB A FIRE e P 2 (R HUAS BE AL P47 [ 1] [16]-[20] [23].

BRALEIR BT 0 (75 5 (K] FRERAE panel #b, 3047 5K B 300 0 15 5 20 Hhad )iz K3 S5 EEAL 4 2K
pl6/Ki-67 W H:LL Jz HPV E6/E7 MRNA S8 Mbr &M . BRI S, XJLREAR AT T hrHPV BEME:
(3 — 20 U 43 2, A FAGH WU 23 TR0 S AN AR ] Y 6 e A ) 8 000 17 = B0 2 AH D¢ 1) SR ML A% o5 %
p16/Ki-67 XYk - B ) Wedi M AL RAS, 110 E6/E7 mRNA T BE B 4352 7% 05 B8 2 R TR R 2k
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7. RERPEAESTEPHINRARR

BRUGET i ah, 758 DR R ARG I E 2 20 B ) R XU A B 75 THD 78 S 7 Y — 2 BT 5[ 15]-[20] [23]
2023 FRIBHITER AN, 1% N R R G A I AE 2000 2H P i R AL B P B B B T LSIL. HSIL FIX R4,
B6F HSIL BB #e B U I 45 A s W BB [15] o 3 i B 7S J2E D] PR AL AN R A8 A I, T
LB R 2 UK P B P A A

TEARBIVPAG FOA S WD 5 T, IUA UESE BRI A G BR, H O BRI AR R J7 1. 2025 4 1A
LR TSR, FSAREPIRI AT TP HSIL 35 LEEP RJGhaA RS R i fE[18]. ikt
ZNF671 % b WL M SRR, L AL SR REXT CINS [R5, BB IE R A $27R & X [33]
[34]c IXEITE “ARATIAT - ASSIEIA—F0” HIR AR 2 BEAE DG, 7R 7S 28 IR H A AR AT g AL
25 it — P A A B A A FR A B

8. HFElE SHkak

A ASTNL. DLX1. ITGA4. RXFP3. SOX17 Fll ZNF671 73 Kl H AL 7T B 20 A Jed HiT s 22 r)
P O & o PR AT, (0 B BT SAETE — e 5 B — D W (1 i /[ 1]-[5] [16]-[23]; — 71,
AR AAEREAREL, RN & BHERE DGR REF A FE—EER, XM T AF
WIS R IR B B LU [11]-[20] [23]: 5 —J7 T, ESREN CE KM THAEHILR, HEfiE. 24
O KHARE VIR 78 PER A R dE— 2P AR, JCHRAEA R 237 50 T fefE: cut-off (B A £ 4% 12 5m& 1
SETH, HATSE = 4 —hrrE[1] [19] [23].

UeAh, IR T B — 2 B A S 3 TR F AR 7 55 S0 7 25 5 i PR B e ) LR e 0 . BB B e W
AR B S U AT 5 R 2 JE A B LR, iR B AR B2 R A R T B 1] [18] [19]. X T FliE S
AT BE AR L I RN HSIL B IR B B, (DRSS T TiRE, e G O B — T
B I HIE R ITE LA AR W R . 7S 5E B S A0 R 75 30 IR 0E N R 2 B A, AU
THZWIERE, EIR T Ho2 B R L5 i = U A R B JT IR RIS 0 22 (1) [ 3 B i 12 N
HREVT, MARBLSERR DAL EME . Rk, AREF TR S MU . R 7 E A AUC 4b, IENE—2
PR AR FL At Frb 1 RN S IR R A

WG, NFE R ARSI R R 2 5 & IR R B A T, 16 75 BT 2 m] B SR IR R R 3R
MOUERE, Bl BIE SR 228 . 7R H AR L R B U5 B B ORI (5 . OB EASIIPERE . BUAS RLRE
PR AR P @ FO VS5 7 TS, S BOR A TEA AT B I A T HZ A8 R Al IR 8 S T B
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