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Abstract

Cervical low-grade squamous intraepithelial lesion (LSIL) with persistent high-risk human papillo-
mavirus (HPV) infection is a common clinical issue following cervical cancer screening, character-
ized by a high spontaneous regression rate coexisting with a potential risk of progression; over-
treatment may lead to obstetric complications. Recent advances in the mechanisms of persistent
HPV infection and local immune responses have provided a new basis for stratified management.
This review summarizes current progress, exploring how defective immune clearance and viral im-
mune evasion synergistically promote the persistence and progression of LSIL, and reviews existing
treatment modalities—including regular follow-up, topical pharmacotherapy, and physical abla-
tion—with the aim of promoting standardized and individualized management while reducing un-
necessary invasive interventions. It also looks ahead to the prospects of novel strategies such as
photodynamic therapy, therapeutic vaccines, and low-energy focused ultrasound. With the wide-
spread adoption of colposcopy and the trend of delayed childbearing, balancing the risk of lesion
progression against the obstetric complications of overtreatment has become a major concern.
Studies indicate that functional defects in the local immune microenvironment, such as T-cell ex-
haustion and aberrant cytokine profiles, play a key role in lesion persistence. This review discusses
how HPV immune evasion and cervical local immunosuppression facilitate LSIL persistence and po-
tential progression, offering new insights for precision therapy; it summarizes current treatment
strategies, including expectant management based on combined cytology and HPV co-testing, topi-
cal immunomodulators, and physical ablation such as laser and focused ultrasound, analyzing their
indications, advantages, and disadvantages. The goal is to promote risk-stratified precision treat-
ment that maximally preserves cervical competence and avoids obstetric complications. The review
also envisions emerging directions, including therapeutic HPV vaccines, low-energy focused ther-
apy, and novel immunomodulators, aiming to provide patients with more optimized, minimally in-
vasive treatment options.
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1. SIS SMRMERENL
L1. FEFREHSHR ERARELSILBRITHREER

TE SURZON BRR Kz A AR (LSTL) 2 B S50 v A2 1) 2R, e fe LSRR 25 (HR-HP V) i
FURGGRH FHEOREA . 2R AL FRBOR AR, B BRRAMNMEZR MR, IRRTUGEHAG—:
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ZHCEH T BATHIR, (AE R S KIIRESAAE, BEREDHE RSB . % AR
X e S 07 25 10 H 6 462,401 4 2o VeI BE VT B UESE, HR-HPV &Y 5 LSIL 1R A K& w5 kB, 1fER
PR LA B WL He-HPV ZE R AR, HPV-68 15 16.09%, HPV-31 /5 5.30%, HPV-51 /7 12.96%, HPV-
16 15 11.06%, HPV-39 KBS HZEN 11.01% [1]. FE N AFERGFEN SIS0 2%, B X
PIRAT I TR, dF 16/18 2 HR-HPV J& 4 7 43 HR-HPV BG4 11 68.22%, HAE HSIL & & 3
FEWIZ R R, XIS ALY & LA 50.84%, A2 DL LSIL AR BSYm 75 1 il 14> 44 [2].
BB, LSIL FFIEAE0F i RYERAE . 55 2= — DA E IR A s 70K 0, A0 A 5 7m IR BN
LSIL. {H#A 3 HR-HPV FREE AL e, 17.8% M NFFE A 5K B 4400128 HSIL. 1X— K TESE
BEAPEONRM, 50 & LUREGLE ER R S g AE S EERTIE 22.3% (3], A PR IR TR R
LSIL (138 75 % A8 13 Jie AU o

1.2. SR8 HPV FFERRAE LSIL R FRIIEKREX

= fE 8 HPV [ FREER L2 LSIL [ =2 i Bk _E Rz s A8 (HSIL) /) 2232 P 5 20 (ICC) it J 1 G Bt
KB DHHESEXT 114 6] HR-HPV FFERGe B Ef128 LSIL MEF AT TRV 7T, 4R SR
Stk Rk 21.93%. B REIASH R, HPV16/18 EYsSE LSIL @M fEkk &, i (OR)
N 3.242 (95% CI: 1.261~8.336) [4]. MLk, HpiE i EEAE KA R R sgma B g R, W HPV16-E6 55K 350G
AR 533k gy HSIL/ B #5088 1 AR B B 48 s, HAE A R 5 T 58.9% [5]. 1 3 40128 s N7 28 il JE e Al
PR3 R R E R EAEH . HPVI6-E7 F¢53 1 T A0H IR N A7 7E 59 2005 bR SO B fa e B UIAH G, =
2SN Ty IR SR G B0 6] RN, SR MR O N 2 55wt g, a0 LSIL ## HR-HPV
PR e geh, R OC E RGN AL SPP1-CD44 Fli{ it b 1z - o2 4m o a) i iR A AR, wT fig
BRI i ) A= bR B[ 7). FEH, HR-HPV 53 Ah A= 518 9% J5 R 3B Gy v 3 IL-10 AT Foxp3 3%
K, BB R IR G N A, IR A (8], IR ELIEYE I R R B, HR-HPV RS LAY ZEK T LSIL
s, TR ERTE R RE .

L.3. AR TFETREEREE TARRTHHRNE

HATAHLPEH N “THERE IR SRR R B 8. HERRT SRR, ke
FUERIREIEZE 4/10 FHUATF. ZEHI 5 R, % LSIL &3 HR-HPV 828 Y% (104 80T TR B 40 4% T
B CRE ) 5 = B AR IR T I AR . R LSIL ARG AN T WL AR, (05T HAR4s e A B 1)
e S, TS UEIR B T TR . FE T HPV D4 B (0 RS 40 2 S s i X
HPV16/18/31/33/45/52/58 2% iy A& 1 A B G @ SO B BB BaAs 2, FLAR 20 301 MU AR 458 XS R B 7348 B
is 1ZHIE AR 19.82% AN EHIE #1512, RN CRFrmBUE (9], Bhah, HPV IZHIEIRIT g5
IR RE LT 77 o 75 FIRUR S — IOUHIT BE M ISP E BA BRI 75 37~ HPV % v (R e M AN RE A9 15 25 [ (K HR-HPV 75
BERCR, W] DA EMIS p16/Ki-67 XUGLRHIERS, MM AE TR B 8008 1 A2 (1 1 — 0 R e v R 4% S 2R A
[10]. HubREE, #rAHET RITEMNE) F1I6I7 (ALA-PDT) MR 3 #YT a7 LSIL WiE %(80.43% vs
56.10%) 1 HPV {5 FE2(61.96% vs 29.27%) /5 [ HUAF 35 AL [11] [12]. BRIk, 7EVH R 5 S s AELE T,
EFxt LSIL A9 HR-HPV FREUR YT R/MAMN FEHEIIGITOEIT, AMUA Bh TP 25 2%, SR
PoyT BRACE, B ERITET AL, BAEENA L TANME SRR E X[13] [14].

2. &fEE HPV B FE T LSIL AR EIF R
2.1. Sfe8 HPV BB 9 FHLk
T 6 7 N FL LR BR(HR-HP V)il it Hogw i ) ES. E6 Al E7 J& 5K (UK Bh & 81 L i 40 e vk 54k, 2
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T B BURON SR T R P99 AR (LSTL) 1a] 7 G s A8 T 2292l P e b Jge A% o 2 WL 15]. Fed, E6 A
E7 8 ATESUR I FE R RO E . E6 @iz A FREAR pS3 B E, HIHI 40 M o2 DNA $ifi 2
B B7 NE I 25 A JTE A0 I REST B SR 25 L (Rb), MR RR X E2F #4355 DK 7 (M, AT HESh 40 i JE 35 5%
FE[16]. BLA, HPVI6-ET7 Al E4E &5 18 A ZER, fERIZf L R4 e Shi5s, 485 HPV
PHAE = S A A K, T ZER1 SRR A] IR 25 40/ I8 HPV16 8¢ HPV18-E7 (4N fusssE, F£9H ZERI 2
mfaf HPV N SEUR SRR L FERF17]. DU R, Sk B SR (TERT) K s 5
TERC [ H7E E6/E7 K AL A B A i s ol 15 5 58 AR AR AL, BFE B - [T th. Bk
PR R B AE R B /N SRR N R RE 7T, SRt R R A ik Rk 2 LLORSh R R 3R A [18]. k4L,
HPV & H 0] 774 HPV- AR A #6324, W1 HPV16-E6*-E7-E1- \JE K@t &1k, AL Rk E6*T Al
E7, &40 CMAHP. TP63. P3H2 Zil i (K45, BB B [19]. R, HPVE6/E7 &l I
i Rab31 £IA, J5#& BT MAPKG6 FFARIE S HURAMMRTR . REK LR - MBFELRE S, shii
TUE SRR Rab31 AT 53 /b fioig A= K AN #2201 X 86y FHAFILFEMER T mfa ! HPV 55 LSIL &
A R it e ) B0 A

2.2. LSIL #RAEEKAFHER B EF

REZH LSIL W HRIHIE, (BIERBIER AR HPV FREusds Nt A @ SO ek - R pm e
(HSIL/CIN2+), FLR%A2 2 & KR 0. 1558, HPV I K Yo it KU A% o R 2R o BB 7T S8R,
HPV16. 33. 45, 18. 52. 58 Z5@ a5 CIN2+ /2 CIN3+XU 2 E M 9E[0]. 2522 4 I A i H K ke
ViBR 3t — AR S, FREE Y HPV16. 58+ 33 Al 52 35 i3k f XU f5e iy » TR 250088 14 26 DR B 4 (U HPV35,
39+ 51, 56+ 59+ 66+ 68)iH FyHrak, (HhRe KB EEAR21]. HK, 6EFEIREMWHEAZFEIH, Fi2
HBETMEF, FNT 45 5 il R AL ERE R 3 f521]. M4k, RdEREm R mER R,
RAVELERGIN 85 U TR I, 85.9% I 7L S 4 i e B HPV i 2 408 5 A8 7™ B R B AN R R &5 )=
BIEMSE, PR AR AT R R A bR [ 22]. 5, HPV JERA, R SILFER R LSIL
T A e 2 7 P DR XS BT TR R

3. MABARTTREHARER
3.1. URFFHSIEREERBIERERS TN

X T F B SRGON BIR bRz P9 AR (LSIL) & I s fa B HPV FrE gL (i B, LSS5 1F (watchful wait-
ing) V128 73 6 FA HEFE W46 B BRSR WS, JCHOE A T 58 o S R i = 0 i A UEdE & . W FE 3R A,
LSIL BB H AR5, KR & 70 HPV16 BB T, 2 SN AR ATIA 83% [23]. A1, #
£ 3E HPV16 oy, WAt e R B T m, 2 R R E Ik 47%, I s e B i 3 2
Aiffyi[23]. HeAh, ETH A HPV 73 B RS 73 28 B IE S2 th, X5 HPV16. 33, 45 &5 5 e
AR LSIL £ N BT BSR4 HPVS1. 68 SR XU 5 5l i 25 3 vl S K B 7 1) b 22
1 4R [9]0 SR WLEE SR A BTk o ik BEVRTT B VB TE T AR (B ), A I FH e e ARt 1 A e XU
VAl . ARG S IEIR 2 2 B0 TN AL (AN BEN LR, AUC = 0.866)HE7~, N4 A BEIR i & |
GRS AR R 2 ) 0 Bl U7 BT TR SR [ 13]0 4 HTGHiE T Ui s e e AR AHE, BLATE BER
A O DX 75 3 kA T %85 )

3.2. RN AR SRR
HUEITERIEFARTIFE, £ LSIL &3 =GR HPV Fa e i =2 2. HHEE
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ZPIRNIRIT RZ PRI EIRTT BOR . B AL AN TR A AR B IR Z 0T = SR 2] 2
R, PEIBEIRT ORI T 677 [24]. WEEIBIOFT LR R, Bea 2B TR e w2 e It
HPV R EBATRR, I M TS 0 W) 1 R Sk i S5 I ARORE IR (25 {H 24 AT Bk
ZRFEARZ POIUESE, 29T iR —&bnETT . JEH, BT SCREZGPIG 7 K & 5 &= B AL IR R
BAEIR, ZHETFEARE/NSOY LB, P IEHAHYT R S E AR .

3.3. YBEiRRRTT RGN AER

VI RE T B EOGR . BIRIGTT IORER S, AT EIUE R AR R AL . B
TRAGTEIIE HSIL V897 o CHGIESSA 2, Bl HAR T Al 7 X 2 bR i [26]. R 2 B0 ok B4
R WOCEA VRIATTTE LSIL & IFREE: HPV B (1 B RS, (HHAEIR R S Berb o B T A B S BE U
BETEE R S R R . IEAER, R N — FE A BT B, B Y R A IR B B AL
R12], FERYIEERE R A T IO A0S B B v] BE A BT T8 HPV RRSREYUIRES . [EEERNE, AEY
PRV fb 7 AE L SRR R FE « X E B Es M 520 SR J& HPV IS BRCETT AR 22 7, B H RT Bk = itk
FEAFFE[12] [26]. RARM 2 — PR NIRRT HEAR, FIFHABS R R BR ARH 2R, RO
BN R TERENE[27]. FEIRYT T B SURGONGRR R AR (LSIL) & s a2 HPV RSB YenT, R Fik
B G T . YU EEBEE MR IT IS B T REdE— PR TR B, TBTCN-TDG Y30 /1973
(PDT)TEMR A A58 B IE S AT 155 HPV AHOC B 00 AR 40 B T HB0E R SOIR 40 . NK 40 i S A2 48 [A]
T-( TNF-a+ IFN-p. IL-6), R B0E 2 7E R HPV FIOCEIRAT[28]. J7 807 H, BEZ 4% LSIL /1)
B KHBAEYE, (HRIZSAYT CAEsen] BB E HPV ik, NIt 7. Rk massi
IERGERE, DARARZRBEREERE R W BhUR #R T, i < BRALEE T RN W E Y SR RS
BrERARNE . TR, mfa HPV MiERR 2 VP LSIL HUS MoCHE, HiLH2ZREvm. ik, £
H hr-HPV B ARG T 5y S 80 CINT/CIN2 48, FF5 CIN2+XUS 27 SR g g 3%, L —
hr-HPV LA b, 2 H hr-HPV YL CINT [ XSS INAH 5¢(1.44, 95%E S X[H]: 1.20~1.72); 1fi CIN2
FTCING [ BRI 23 03 N ZE 1.70 (95% BEAZ X 18] 1.38~2.09)F1 1.08 (95% B A5 X [H]: 0.86~1.37) [29]. 1%
AR TN OIE ST HR AT 1~2 AE T CIN fat R B3R » 403 75 K B8 (Prevotella) 3 5 F+ =15 hr-HPV H§
SEYL [ HSIL A%, FFIE 0% TLR4/NF-«B/C-myc il B AE#ER AR [30] [31]. MERZE T AL 25 R 75 ]
AEZ 5 M LSIL (AR e A R [32]. 24 BE U7 SEmE H 28 5 P2k T RS 20 2 MG B . X0 T2
BT JG he-HPV [ 1 EL40 2% 1E % 5ACA LSIL 4, H 10 4F CIN2+TEI A 473605 92.1%. 1 ZEK B 1 8] b
2 6~12 MH, 11 he-HPV BHVEAE TG 5 2001 240 i 27 57 3 2 R RS 235 i (10 SR TR AR A7 73.6%),  Ta
FEYIWEIN33]. teAh, DNA F3EAbbrEYI(W CADM1. MAL. FAMI19A4 Al hsa-miR124-2)7f hr-HPV
FE A AN HE 00 HSIL+EAT 61%BURPERT 74%K5 1%, wTAE 70 T BARAL B U5 B AR [34] . (EAF7E B2,
RUAERE AL THIR, 0H 44.8% B HAF(E HPV FFady, 7R DL G223 A PPAl o7 240 mT BRI B2 XU

A AR R I [35].
4. HEIARBERYES FIER
ARATTHRIAEIBFIN
HAT, XT 75 SR SRR R W AR (LSIL) & i fa B HPV KRS YL 1 A T T A7 76 &2
FHW. —J7IH, ZHLSIL ARSI E R, USRS L, a7 aei kA B E R E

FMEE R AT URA R ARE s S — T, F B S G HPV Frs /e, Hrala2 HPV16. 33. 45,
31. 18, 58. 52 ZEBERIAYEYY, ik oA 0 AR (CIN2+8K, CIN3+) ) XU S 38 e, B2 XU v Is
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4.08%~22.12%[9]. UtAh, ZHEm A HPV YL IRPIESES CIN2+ K KU 271 & OOk 2 [29]. 4R,
Il RS2 e ik = 0 — T TR AE AR o lln, 28 ERRE P22 (ACS) PR A A, A A8 il g UG T~ 25% i
EFEEES N, A > 60% (W1 HPV-16 PHE HSIL)MIHEE VIFRIATT[36]. (HIZANE £ 2T
HSIL NBEEHE, %t LSIL & HRp i e 103&E I M AN B . 5 A7 o, 78 HPV FHE B4 i 9]
PEEL LSIL e, U5 17.8%Me e N m gl As, H 28 = MBI BRI BEREE, SRR A iva i B
ATREANE[3]. BbAh, P BT FRAR CIN2+HRRS, (HIUE TR 2k B MER 7L,  BEALO IR I0 A
B/ UEEREAR, M DUE 9 e BT R AR B AT SRR 14]

5. RKARARSZRER
5.1. BHESETREBFATMEMLA RILK

TSR AR R VR YTAE T B BRSO BRIR R ] AR (LSIL) & I s e B HPV Frat et R, 75
ghib 2 AR SV ANE IR S HCE IR 7 2 N MBI, AR, R THEEE SRR
2 RO R (FBE L AR AR ZE TR LSIL £ 5 /670 HPV ek e 3 [ R I8 J7 T B B A RE(AUC =
0.866), HLREMR 5T S AR S A R2E HPV ISR AR R AL E BRI 3%, 8 ]y S AR 75 1R T I L 5
FE AR SR SR AR S KU PPl AR A [ 131 hAh, mifEZd HPV 38 R B 2 A oo A8 b i s B A 2 2 76
W, JEHE HPVI6. 33, 45, 31. 18, 58 S5 5 CIN2+/3+ X UM SE, 3T HPV F K17 iy XU 43
JEFEHE TR D AN LB TE B2, TR AR R s 0 = O AR R M BURE[9]. 454 DNA HIEMEAR &
YI(tn MAL. FAM19A4. hsa-miR124-2)5/E# miRNA (%1 miR-21. miR-205. miR-218)%5:3# 4= Wby
B, A — DRI XS TINAE BE[34] [37]. FRAHA RNA 705487~ 1 LSIL [ HSIL ik @i #E g
JRARDG ENR A K2 SPP1-CD44 Hliff e RIEA,  $&m S WOASERHE IR rI VA AMEA I IT I B 25T,
KR ATRTGH . EEBRE. RORESEMMAENHEZAAER, WESERE TR, 55 %E
FEFEIRYT A (INREE B AR R IR] . BT IREO RIS HE L E .

5.2. KEAKEBERISERMRHF RS

JE DA B TR AAIE 52 5 AR P LR B B0W AR VR IT T 2 e 5 R T R KBS IR R A
A2, TIPSR E. KRR, ATiEM: . 20 KBTIt . Ui TSRS IRIT LSIL &FmfE
A HPV RS G AIIEUE B2 22 UEHE 22 KI8T /IR AR [ B 73 B BB R S E 7, =X HPV IS BRFFA
PEL ARSI R A G AR BRI AR (1 R GUIE AR [27]. AR SRBIE TR B AR 28 S dadR, AL
i HPV FFEETH BR AR CE SONES W il B BLIRIRE>6 > ). ALV 8 2%, CIN2+ RBUR AR
UEYRSE %%, VIR /D 3~5 LR 2 . AR, MOINEEEMRSEN AR, £ TO0F
WEE SR BM LA HPV P28 P ] 25 IS CIN2-+E J8 U (RH O IRU: 3,472, 95% CT 1.066~11.320) M1k
HPV #EH(E# L 1.591, 95% C11.223~2.069) [38], A KW 7T FAR 9 W 5 A A BCG F T R P [F)
R WeAh, NEESLGE— A RS EhridE, B AUOCER B SRR S50 . AR DhRR(n 5= . R L)
RIARZ I, DATR]SE 24 i 48 T ik G AN Db BV BR IR T BB F[36] -

53. REBEARANE &M RS NAMHN

R AR — DR OB T & MR A 51T R 00T . AP AR R TR P AR B SR
FEHE S (LIFU) R & 9K 3 A (L d iy TR780 A4 5 LIt (19 4R K RIURE ) P SFE M, 7 B 200 40 A Y % 4y 98 A4 Bl
HhE I P SR OS) 5 78 B A (ADV) RS B[R] S B ) R i i, 45 50 75 5 R LR R 15 S B s
IR, AP EAE VR IT PR T R R [39]. MRSk “iByT 1R P& iR S LSIL & 5F R fa A HPV
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FREUB G R, Ak, RS 5 I B s A YT v A N TR L T, D5 R T I
H——C G W ER 44°CJREHAGT AT E 3 AN H P SEZHL 85.19%1) HPV JEBRR[12], 85 H i1 7)(nk
WA IR ) A ) 4 54 SR PO B R N [26] 0 ARSI, BT RIE T B S a5 i 1) e g, 1R
THaeE RN SIREEEHIRE ), HAR RS iR B Rt 5 U PP AR, DL D B ks . IR A%
BIFRRE27]. RIS, 256 N TR R4 B AR S R R T2 B 2 BU RIS S IRE SR 4
W45 1 VAD-SRC “F- &, HEffZRIA 98.5%) [40], FISLHLAR XIS B 3R 5 56 7 i V8 se ke, s
REHBENER. AT E. FEIRGCN SRR R AR (LSIL) A Hm a2 HPV R gL 1)
e R BRI A R A 2 2 e, AR O AE TR v TR o XU N DI 00 SR st 25 38 < 0 A B e
o SEEBUATEFUIES, AT L08R

B, ERATHY S BRI, LSIL & fmfald HPV RRELEGL ARy — Mo, it
AR T HPV JE R RARIE . HPV16. 33 45, 31, 18, 58. 52 2R ke i UK 2H, J CIN3+3E 2 X
ATk 4.08%~22.12%, MAZEIATBHIESE AL M HPVS1. 68 39. 26 “5 N B KL, W] 4K FE iR
[E[9]. HbAh, ZEEGA HPV YR 210 CIN1 Al CIN2 KU (OR 7351 1.44 Fi1 1.70), HEHE - &
K FR[29]0 (ESERMZE, RIEANA0 LSIL i3, 15 17.8% 8 FH S A2 HSIL, JtH
1E<50 % 2t Je ASC-US = IRgs IR v A B =y, $Rswt 2 N R BRI TEAS BRIME (3] HIR, TEIRITSR
W& 7T, WREREEAF T IE A T I KRG 3, (RN TP SRR Sl /& HPV 16 PIYESE, BSRENE % B3k
R 51%), HEERFEIL 47%, FHEBWT-H[23]. 259677 0 5-2% BRI ¢ 5h /197 1E(ALA-PDT)
1E 6 A H I A A KV IR 20K 80.43%, hrHPV JEFRZIX 61.96%, WHMTREA, HZertRIF(11].
AR 44 CHIT IR RIFECR, 3 AN H HPV iEERFIA 85.19% [12]. th4bh, #ifdus) /1%t TBTCN-TDG
FET S NF-«B BB IEsm g SO0 M . EMEZ AR S NK 40M 5%, $2FF TNF-a. TFN-y 1 1L-6 7K°F,
NG RE FR T SRR R AR (28] TR A S E G YT T BRI AR B St h e e . AR AR B ThRE S
R, HAZEE. SEUAMEIEES, HAE HPV i kRS AR W8 7 M MEHRANIR R, UHAE
B M ST R B E R T RE A MR . B e, RS BRI T 2SR S S . R HPV R A
4h, DNA HEALREYI(E CADMI. MAL. FAMI9A4. miR124-2)I¢ &4 I >HSIL ¥ A% i) Uik
61%- FFFME 74% [34]; 763 miRNA i(miR-21. miR-205. miR-218)7K B2 Wik /1(AUC=0.81)[37];
A M -4 7~ i B AH 56 B R4 i S SPP1-CD44 #li T e 8k zh LSIL 7] HSIL ##fE[7]; 17 HPV16 E7 it
T 2 0 5 S8 A5 2k 355 905 1 o DXL S8 35 T 7501 (84.8%) [6], H 7 B 28 R 28 R A 2 S B T B -

2 FRTIR, FESLSIL A m a8 HPV RS g B O ARG . REHELLIAR . AR T
HPV BRI, 15 ERPORE . TORRRHE K& T hr S L5 A KB TPAS Y, oA “WER - 17
RRME, HMEZREEF SR E TR IEN m R E KRV 0T, DU bR S A R T 1)
REAYECES e N TR PN

SE

[11 Rosario, A., Sousa, A., Marinho-Dias, J., Medeiros, R., Lobo, C., Leca, L., et al. (2023) Impact of High-Risk Human
Papillomavirus Genotyping in Cervical Disease in the Northern Region of Portugal: Real-World Data from Regional
Cervical Cancer Screening Program. Journal of Medical Virology, 95, ¢28414. https://doi.org/10.1002/jmv.28414

[2] Wang, X., Wu, S. and Li, Y. (2021) Risks for Cervical Abnormalities in Women with Non-16/18 High-Risk Human
Papillomavirus Infections in South Shanghai, China. Journal of Medical Virology, 93, 6355-6361.
https://doi.org/10.1002/jmv.27185

[3] Hulmi, J., Virtanen, A., Sadeluoto, H., Tarkkanen, J., Kalliala, I. and Heinonen, A. (2026) Histological Outcomes and
Colposcopic Findings in Patients with Persistent High-Risk Human Papillomavirus Infection without Major Cytological
Findings. American Journal of Obstetrics and Gynecology, 235, 356-364. https://doi.org/10.1016/j.2j0g.2026.03.016

DOI: 10.12677/acm.2026.1693112 846 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1693112
https://doi.org/10.1002/jmv.28414
https://doi.org/10.1002/jmv.27185
https://doi.org/10.1016/j.ajog.2026.03.016

Wrdrik <5

[10]

(1]

[12]

[13]

[17]

[18]

Test, R#e, B, % HPV L1 5280 K ple BEETE S G HPV RRELH YL 105 SR SR T 5 AR
BFIEIREIA T IR X [T]. T EIAEE A, 2024, 62(36): 12-16+21.

Totaro, M.E., Gili, J.A., Liotta, D.J., Schurr, T.G., Picconi, M.A. and Badano, 1. (2022) Genetic Variation in the E6 and
E7 Genes of Human Papillomavirus Type 16 in Northeastern Argentina. Journal of Medical Virology, 94, 745-751.
https://doi.org/10.1002/jmv.27359

Zhang, L., Shi, X., Zhang, Q., Mao, Z., Shi, X., Zhou, J., et al. (2022) HPV-16 E7-Specific Cellular Immune Response
in Women with Cervical Intraepithelial Lesion Contributes to Viral Clearance: A Cross-Sectional and Longitudinal Clin-
ical Study. Frontiers in Immunology, 12, Article ID: 768144. https://doi.org/10.3389/fimmu.2021.768144

Sheng, B., Pan, S., Ye, M., Liu, H., Zhang, J., Zhao, B., et al. (2024) Single-Cell RNA Sequencing of Cervical Exfoliated
Cells Reveals Potential Biomarkers and Cellular Pathogenesis in Cervical Carcinogenesis. Cell Death & Disease, 15,
Article No. 130. https://doi.org/10.1038/s41419-024-06522-y

Zou, Q., Wu, Y., Zhang, S., Li, S., Li, S., Su, Y., et al. (2024) Escherichia coli and HPV16 Coinfection May Contribute
to the Development of Cervical Cancer. Virulence, 15, Article 2319962.
https://doi.org/10.1080/21505594.2024.2319962

Ye, C., Liu, Y., Huang, H., Chen, R., Li, Y., Zhang, X., ef al. (2025) Risk-Based Triage Strategy by Extended HPV
Genotyping for Women with LSIL Cytology: A Real-World Study. Journal of Medical Virology, 97, €70404.
https://doi.org/10.1002/jmv.70404

FHUEUS, s, ARFERAR, 5. Juih HPV FEH6 5 3difs: ASC-US & Jf HR-HPV FHM: B E MR H[I]. +
] I R 24 B 22 59677 2%, 2026, 31(4): 467-473.

Wei, Y., Gu, L., Zhang, Y., Yang, Q., Chen, F., Hong, Z., et al. (2025) Efficacy of ALA-PDT in Treating Cervical Low-
grade Squamous Intraepithelial Lesions with High-Risk HPV Patients: A Multicentre Randomized Controlled Trial. /n-
ternational Journal of Cancer, 157, 908-915. https://doi.org/10.1002/ijc.35450

Yang, Y., Zhang, L., Zhang, Y., Huo, W., Qi, R., Guo, H., ef al. (2021) Local Hyperthermia at 44°C Is Effective in
Clearing Cervical High-Risk Human Papillomaviruses: A Proof-of-Concept, Randomized Controlled Clinical Trial.
Clinical Infectious Diseases, 713, 1642-1649. https://doi.org/10.1093/cid/ciab369

He, S., Zhu, G., Zhou, Y., Yang, B., Wang, J., Wang, Z., et al. (2024) Predictive Models for Personalized Precision
Medical Intervention in Spontaneous Regression Stages of Cervical Precancerous Lesions. Journal of Translational
Medicine, 22, Article No. 686. https://doi.org/10.1186/s12967-024-05417-y

Kapp, P., Schmucker, C., Siemens, W., Brugger, T., Gorenflo, L., R6bl-Mathieu, M., et al. (2025) Human Papillomavirus
(HPV) Vaccination in Women with Conisation. Cochrane Database of Systematic Reviews, No. 9, CD016121.
https://doi.org/10.1002/14651858.cd016121

Garcia-Quiroz, J., Vazquez-Almazan, B., Garcia-Becerra, R., Diaz, L. and Avila, E. (2022) The Interaction of Human
Papillomavirus Infection and Prostaglandin E2 Signaling in Carcinogenesis: A Focus on Cervical Cancer Therapeutics.
Cells, 11, Article 2528. https://doi.org/10.3390/cells11162528

Baba, S.K., Alblooshi, S.S.E., Yaqoob, R., Behl, S., Al Saleem, M., Rakha, E.A., et al. (2025) Human Papilloma Virus
(HPV) Mediated Cancers: An Insightful Update. Journal of Translational Medicine, 23, Article No. 483.
https://doi.org/10.1186/s12967-025-06470-x

Nouel, J. and White, E.A. (2022) ZER1 Contributes to the Carcinogenic Activity of High-Risk HPV E7 Proteins. mBio,
13, ¢0203322. https://doi.org/10.1128/mbio.02033-22

Wang, A., Zhou, D., Krawczyk, E., Li, T., Simic, V., Lu, J., et al. (2023) Overexpression of the Telomerase Holoenzyme
Induces EMT and Tumorigenesis of HPV-Immortalized Keratinocytes. Journal of Medical Virology, 95, €28681.
https://doi.org/10.1002/jmv.28681

Liu, M., Han, Z., Zhi, Y., Ruan, Y., Cao, G., Wang, G., et al. (2023) Long-Read Sequencing Reveals Oncogenic Mech-
anism of HPV-Human Fusion Transcripts in Cervical Cancer. Translational Research, 253, 80-94.
https://doi.org/10.1016/j.trs1.2022.09.004

Huang, Y., Liu, R., Han, X., Hou, X., Tian, Y. and Zhang, W. (2022) Rab31 Promotes the Invasion and Metastasis of
Cervical Cancer Cells by Inhibiting MAPK6 Degradation. International Journal of Biological Sciences, 18, 112-123.
https://doi.org/10.7150/ijbs.63388

Numminen, E., Leino, A., Karhula, Q., Fonagy, V., Seiskari, T., Paloniemi, M., et al. (2026) Genotype and Age Shape
the Risk of Persistent High-Risk Human Papillomavirus Infections. American Journal of Obstetrics and Gynecology,
235, 114-122. https://doi.org/10.1016/j.aj0g.2026.02.038

Fobian, S., Mei, X., Crezee, J., Snoek, B.C., Steenbergen, R.D.M., Hu, J., et al. (2024) Increased Human Papillomavirus
Viral Load Is Correlated to Higher Severity of Cervical Disease and Poorer Clinical Outcome: A Systematic Review.
Journal of Medical Virology, 96, ¢29741. https://doi.org/10.1002/jmv.29741

DOI: 10.12677/acm.2026.1693112 847 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1693112
https://doi.org/10.1002/jmv.27359
https://doi.org/10.3389/fimmu.2021.768144
https://doi.org/10.1038/s41419-024-06522-y
https://doi.org/10.1080/21505594.2024.2319962
https://doi.org/10.1002/jmv.70404
https://doi.org/10.1002/ijc.35450
https://doi.org/10.1093/cid/ciab369
https://doi.org/10.1186/s12967-024-05417-y
https://doi.org/10.1002/14651858.cd016121
https://doi.org/10.3390/cells11162528
https://doi.org/10.1186/s12967-025-06470-x
https://doi.org/10.1128/mbio.02033-22
https://doi.org/10.1002/jmv.28681
https://doi.org/10.1016/j.trsl.2022.09.004
https://doi.org/10.7150/ijbs.63388
https://doi.org/10.1016/j.ajog.2026.02.038
https://doi.org/10.1002/jmv.29741

Wrdrik <5

[23]

[24]

[25]
(26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Kylebidck, K., Ekeryd-Andalen, A., Greppe, C., Bjorkenfeldt Havel, C., Zhang, C. and Strander, B. (2022) Active Ex-
pectancy as Alternative to Treatment for Cervical Intraepithelial Neoplasia Grade 2 in Women Aged 25 to 30 Years:
ExCIN2—A Prospective Clinical Multicenter Cohort Study. American Journal of Obstetrics and Gynecology, 227,
742.e1-742.el1. https://doi.org/10.1016/j.2j0g.2022.06.051

. BHANTIER o-2b JIE RIS 5 BE PR T 9136 B 2897 B SN LSRR 3 B I ARV [7]. DR
22 5 B FU T, 2026, 10(6): 41-44.

BB, RO RS ELAANTIR a-2b #1697 HPV BSRIIERIT 0 HT[T]. 885 SR, 2026, 32(2): 31-33.

Kiviharju, M., Riska, A., Kalliala, 1., Jakobsson, M., Heinonen, A., Dillner, J., et al. (2025) Randomised Trial on Treat-
ment of Vaginal High-Grade Squamous Intraepithelial Lesion: Self-Administered Vaginal Imiquimod and Laser Vapor-
isation. International Journal of Cancer, 157, 1458-1464. https://doi.org/10.1002/ijc.35497

Zhong, Q., Tang, F., Ni, T., Chen, Y., Liu, Y., Wu, J., et al. (2022) Salvage High Intensity Focused Ultrasound for
Residual or Recurrent Cervical Cancer after Definitive Chemoradiotherapy. Frontiers in Immunology, 13, Article ID:
995930. https://doi.org/10.3389/fimmu.2022.995930

Su, Q., Duan, H., Li, Q., Zhang, M., Liu, P., Chen, H., et al. (2026) Galectin-1-Targeted Type-I/Il Photosensitizers
Activate the NF-kB Pathway to Enhance Immunity and Treat High-Risk HPV-Associated Cervical Lesions. ACS Applied
Materials & Interfaces, 18, 3599-3614. https://doi.org/10.1021/acsami.5c21614

Ye, Z., Zhao, Y., Chen, M., Lu, Q., Wang, J., Cui, X., et al. (2024) Distribution and Diagnostic Value of Single and
Multiple High-Risk HPV Infections in Detection of Cervical Intraepithelial Neoplasia: A Retrospective Multicenter
Study in China. Journal of Medical Virology, 96, €29835. https://doi.org/10.1002/jmv.29835

Dong, B., Huang, Y., Cai, H., Chen, Y., Li, Y., Zou, H., et al. (2022) Prevotella as the Hub of the Cervicovaginal
Microbiota Affects the Occurrence of Persistent Human Papillomavirus Infection and Cervical Lesions in Women of
Childbearing Age via Host NF-kB/C-Myec. Journal of Medical Virology, 94, 5519-5534.
https://doi.org/10.1002/jmv.28001

Zhang, N., Chen, Z., Huang, M., Lu, Q., Yang, H., Xiang, J., et al. (2024) Cervicovaginal Microbiota Long-Term Dy-
namics and Prediction of Different Outcomes in Persistent Human Papillomavirus Infection. Journal of Medical Virology,
96, ¢29451. https://doi.org/10.1002/jmv.29451

Wang, T., Gong, M., Cao, Y., Zhao, C., Lu, Y., Zhou, Y., et al. (2022) Persistent Ferroptosis Promotes Cervical Squa-
mous Intraepithelial Lesion Development and Oncogenesis by Regulating KRAS Expression in Patients with High Risk-
HPV Infection. Cell Death Discovery, 8, Article No. 201. https://doi.org/10.1038/s41420-022-01013-5

Schuurman, T.N., Schaafsma, M., To, K.H., Verhoef, V.M.J., Sikorska, K., Siebers, A.G., et al. (2023) Optimising Fol-
low-Up Strategy Based on Cytology and Human Papillomavirus after Fertility-Sparing Surgery for Early Stage Cervical
Cancer: A Nationwide, Population-Based, Retrospective Cohort Study. The Lancet Oncology, 24, 1349-1358.
https://doi.org/10.1016/s1470-2045(23)00467-9

Salta, S., Maia-Mogo, L., Estevao-Pereira, H., Sequeira, J.P., Vieira, R., Bartosch, C., et al. (2021) Performance of DNA
Methylation-Based Biomarkers in the Cervical Cancer Screening Program of Northern Portugal: A Feasibility Study.
International Journal of Cancer, 149, 1916-1925. https://doi.org/10.1002/ijc.33778

Joshi, S., Muwonge, R., Kulkarni, V., Mandolkar, M., Lucas, E., Pujari, S., et al. (2023) Can We Increase the Cervical
Cancer Screening Interval with an HPV Test for Women Living with HIV? Results of a Cohort Study from Maharashtra,
India. International Journal of Cancer, 152, 249-258. https://doi.org/10.1002/ijc.34221

Perkins, R.B., Wentzensen, N., Guido, R.S. and Schiffman, M. (2023) Cervical Cancer Screening. JAMA, 330, 547-558.
https://doi.org/10.1001/jama.2023.13174

Tamenang, A., Vohl, V., Schwartz, C., Kropidlowski, J., Jaecger, A., Hintelmann, K., et al. (2026) Circulating MicroRNA
Profiles as Diagnostic Tools for High-Grade Cervical Lesions and HPV Genotype Stratification. Cells, 15, Article 849.
https://doi.org/10.3390/cells 15090849

Gardella, B., Dominoni, M., Pasquali, M.F., Melito, C., Fiandrino, G., Cesari, S., ef al. (2023) Low-Grade Cervical
Intraepithelial Neoplasia (CIN1) Evolution: Analysis of Opportunistic Preventive Vaccination Role. Vaccines, 11, Arti-
cle 284. https://doi.org/10.3390/vaccines11020284

Zhou, J., Hou, J., Liu, S., Xu, J., Luo, Y., Zheng, J., et al. (2021) Theranostic Nanoplatform with Sequential SDT and
ADV Effects in Response to Well-Programmed LIFU Irradiation for Cervical Cancer. International Journal of Nano-
medicine, 16, 7995-8012. https://doi.org/10.2147/ijn.s339257

He, Y., Zhao, M., Zhang, H., Ji, M. and Wang, C. (2026) Deep Learning Enhanced Label-Free Cervical Screening via
Stimulated Raman Cytology. Talanta, 298, Article 128982. https://doi.org/10.1016/j.talanta.2025.128982

DOI: 10.12677/acm.2026.1693112 848 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1693112
https://doi.org/10.1016/j.ajog.2022.06.051
https://doi.org/10.1002/ijc.35497
https://doi.org/10.3389/fimmu.2022.995930
https://doi.org/10.1021/acsami.5c21614
https://doi.org/10.1002/jmv.29835
https://doi.org/10.1002/jmv.28001
https://doi.org/10.1002/jmv.29451
https://doi.org/10.1038/s41420-022-01013-5
https://doi.org/10.1016/s1470-2045(23)00467-9
https://doi.org/10.1002/ijc.33778
https://doi.org/10.1002/ijc.34221
https://doi.org/10.1001/jama.2023.13174
https://doi.org/10.3390/cells15090849
https://doi.org/10.3390/vaccines11020284
https://doi.org/10.2147/ijn.s339257
https://doi.org/10.1016/j.talanta.2025.128982

	子宫颈低级别鳞状上皮内病变合并高危型HPV持续感染的治疗研究现状与展望
	摘  要
	关键词
	Current Status and Prospects of Treatment Research on Cervical Low-Grade Squamous Intraepithelial Lesion with Persistent High-Risk HPV Infection
	Abstract
	Keywords
	1. 引言与研究价值定位
	1.1. 子宫颈低级别鳞状上皮内病变(LSIL)的流行病学背景
	1.2. 高危型HPV持续感染在LSIL进展中的临床意义
	1.3. 消除子宫颈癌全球战略下本病治疗的研究价值

	2. 高危型HPV感染致子宫颈LSIL的发病机制研究进展
	2.1. 高危型HPV的致癌核心分子机制
	2.2. LSIL进展为高级别病变的关键风险因子

	3. 现有治疗策略研究进展
	3.1. 观察等待与临床管理策略的适用范围与争议
	3.2. 药物治疗的应用现状与研究进展
	3.3. 物理消融治疗的整体应用概况

	4. 当前研究的局限性与争议问题
	本病治疗指征的现有争议

	5. 未来研究方向与技术路径
	5.1. 精准分层下聚焦超声治疗的个体化方案优化
	5.2. 大样本长期随访临床研究的开展方向
	5.3. 聚焦超声技术的设备改良与应用创新

	参考文献

