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Abstract

Cervical cancer is one of the most common malignant tumors in women worldwide, and it is
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closely related to persistent high-risk human papillomavirus (HPV) infection. This article reviews
the pathological mechanisms of cervical cancer, the role and challenges of T-cell immune responses,
and the application and limitations of immune checkpoint inhibitors (ICIs) in the treatment of
cervical cancer. Studies have shown that effective T-cell immune responses are crucial for control-
ling HPV infection and preventing the development of cancer. However, HPV proteins (E6, E7, E5)
promote immune escape by interfering with interferon production, reducing T-cell activity and in-
filtration, and inhibiting the antigen presentation system. Therefore, this article explores the key
roles of PD-1/PD-L1 and CTLA-4 immune checkpoints in the immune response of cervical cancer,
emphasizing the role of TIM-3 protein in epigenetic regulation and its correlation with the prog-
nosis of cervical cancer. Additionally, this article reviews the application of ICIs in the treatment of
cervical cancer, including monotherapy and the combination therapy with bispecific antibodies
(BsAbs), as well as related adverse reactions and management strategies. These findings reveal
new directions in the treatment of cervical cancer and emphasize the importance of exploring per-
sonalized and precision medical strategies in future research.
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1. EFENEZHRIEISRENE
L1 BRRARITREM HPV BRI

BB T A ER A M A LR R 2 — o AR TS TR A, AR I 50 T LR 2
Wi E S, Ho R — L BRI A (1], w8 N FL SR 75 (HPV) S 5 5 30 (1 K R %5 )
A, AlTHZ 99.7% ) & S BIR T He 2 (1 A B A =i e L HPV B [2]. H B4 3k44 530,000 41
HIRTE B SR, Hh 297 130,000 42 [ N[3]. R KL E HPV IRYLREis 1t B 1A 1 S5 1R, Fhst
B ER HPV B GL A2 B 350 (1 5 ZE ARG R 36 o X PiRp Sk L 1] e 5 850 S04 P X S PR A8 e, AT A
R P i AR L 2 AR SR MR 4]

12. T ARESHERENEHEER SHK

FE B I HPV B YLt e i Hi s A8 A il ARt R b, A 280 T 4t G 28 s A B 19 ok s ) Jek 4
AT BT 1 RS G AUBAS . SR, BEETRLA R, T MR AE A gE 20l [5]. T MIBTEHPL
Pk R R HEOCBEAE 1 BUTF R (IFN)XS T 40 i P AN 38 B 8 B s A P, 2 v X e 240 . )
R B /7. 142, Shaikh 2 AR HPV (1) E7 R ABET T cGAS-STING i, XAk
DNA (1) 5 B0 R M g% N . cGAS-STING I8 B [l 5 215 5 | BT R (FN)ZEEH 13RI
I, BB R S ECT 40 M PR S R ES[6]. R, Ronco 5 A KIL HPV E6 & @i 417
HF PR AT F IRF3, 9855 | 284 IFN ZER3RIE, | 284 IFEN 2 i 40 B 8 AN i 48 A2 s 15 55510,
HHHERIEWFI A — St T AR IThEERE[7]. HPV i E7 (it FIE w78 B YL 1) i 4 g 1 1 A%
FHEAETRCAR 1 (PD-LL) ek 25 5, 3MdIR 41 T 40AR it [8]. Grau-Bejar 25 A& FIL HPV E5 2 H X
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DU IE B R ) R T B E HH LM A E S RMHC) SR 28R TR, B T 401 rR 5
k(9] WHFERIT, (EE U B b, BRI PRI AR L (TILs) 2K 4 I i 40 4 32 445 (B Tim-3) 55 fi
T REERLZE SRR G, JEHGR, RIB L FHIVE 32 14 1) CD8 TILs £ 7 AR LB ZE K B ST AR A
BRI T AR, KRR B RO S TR RE T RE 5 H T 4D RE s A
K[10]. fERZZRMEREAE, REMEAA R RN, HibT T Mishaezdires, Ly haesz
$1, Dai FEABIFURIUZX SIFT1E T AR INA S, WPE T 0 i8N 5 5 S0k 22 (ot e Ao, T
BETEL T 4UARIOAE T B, HETIRNE SR B AR UG [11]. 28 BR3PV AL S Rg ik it fE (1L
FErb, T 200 G e S 7 el 55 M D BE S0 2 SR B IR 1T . HPV S (E6. E7. EB)EI M IR, %
T AU PERTIRE, LR BT 2 RGN 1, et 1 seibif. XERIIRE 7HXS T 40
PETHREVR AN ATVE T U B H0 ] B0v6 7 S BT AE O E

2. T AR BEESHNER SHk

PR A (immune checkpoint) & %% 20 ERIE 51, $% D Rg R 43 LR S A A s 14
G R o H AT FURGE AN A0 ) 1 S A A AR A B T RS 4HHE 4 (cytotoxic T lymphocyte
antigen 4, CTLA-4). FEFFHIET-E A 1 (programmed cell deathl, PD1) &z H it 4 (programmed cell death 1
ligand, PD-L1) [12]. X853 HAECE RN R 1A 72 B )% T Re 0 il 1) B 24 A .

2.1. PD-1/PD-L1 R G & SR

PD-1 (CD279)J& —Fp EEAETHHRAHI T 4008, EARFGANIBINK 400). SAZ4ifE. W 2Ran
B i 3Rk p AN 2 4 . PD-1 7E S 52k PR b R FESCEEAE . HRIA A PR E R T
AT REFEE AR £ [13]. Allouch 26 N R I HPV BEREHE = 5 S 4 M R 1HI Y PD-L1 Rk /KF, Ml
il Sy N [14]. HhAh, HPV BT PC3 bR 4ii i 2 b id B2 36058 HPV16 E7 i H g W35 18 = PD-L1 %
15, fPHIAHIREETE T W 4EI RS 78 HPV16 YL E S 4i i ) CaSki H It o, @ilx HPV16
E7 JEE )5, PD-L1 RIAFK, ANAREEME T AREL0M 5 M AH NG 5R[15] . Wang 258 AN FESh A2 ot
CD96 PHIKriAYT A& G5 | PD-1 A FEMWT R, A0 e 28 K I e CD8+ TIL D) RE[16]. HiRHFT
fi i PD-1/PD-L1 % 7E HPV J&JL AN H 2t Hold S E L, HPV 35N S 50 40 M 1) PD-L1 23k, #iflHt
MR T 4 [ . H T 7, HPV16 E7 & A 1E B 20 40 i i 0s PD-1/PD-L1 J&i, 5 BhMug
2 6l G R RS RN . X — RIAMAR R 1 B0 A I By L, B A e ke A
RNHIFRG YT S B PR T RS B S SR . A, CD96 BHIT I AT AR N AR LT PD-1 G A A
AR R A i 24 P P B R AR TR R T kR

2.2.CTLA-4 ERELBETHER

CTLA-4 (CD152)2& —FhE2AE T i ERIAM AR, T 1991 5 IRPE S E 9 T 48 Mo 3l
BS540 F BT SR R 2R [17]. FERBGEH T 4Ed, CTLA4 (RN BAR, (HIERE SRS,
CTLA4 7£ CD4 %filh T 4Hiffi(Treg) A1 CD8 24 T 4B rodvell B, Hrbdhidh T g s meH &, B7
BifAS T 4000 F 1) CD28 Al CTLAA Z [A] AR BAE F o — A~ H EE ) S T Ll . B7-1 F B7-2 24 2
AN AR(APC)R I FIECAA, W LAS T 4if () CD28 #1 CTLA4 454 [18]. 24 B7 FifA5 CTLA-4 4551,
BTSN T 40 E E, PR CTLA-4 BT LARN) T 4 J b2 . % F CTLA-4 XF B7 Btk 1)sE il 1=+ CD28,
JiyRe G e FE R CTLA-4 Rk hn &4 T A0ss e, S2mabLpA T b Rs 40 i 1) 2 S Mo kA, CTLAG
£ Treg 4Hf bRk RAEGIN, R ELE B IR 2 MR R b KA RSB EH . Rk, 7E454G CTLAY
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BHUTAT Treg #E3@AREAEIRYTH, BARIUS T REMTUMERCR, EWAAAETE R H 5 G VER i X
[19]. Ak, CTLAA4 BTG iayr i N F AT R AR KA T ) B EE R

2.3. TIM-3 ZEENREABIER

TIM-3 EH £ TIM KRR, T 2002 4058 E ok, JFHAE Th1 400, Thi7 40/, Fazdi s
EL Mg 2 1 4 FT2RIA[20]. Chen 2 NI 78487~ T[21], SUV39HL 5 DNMT3A jiEit DNA H &4k Z%
MLIE AL HL I [F] 8% Tim-3 A1 galectin-9 &K 383X . SUV39HL il i {2 3k H3K9me3 Fric I3, M I
7 DNMT3A {2214 7KF-. DNMT3A Ffi 5152 7 TIM-3 1 galectin-9 3£ 5 5 57 X 45 ft) DNA H3EL, 5]
RFESEUTER, MR HRIARE RN . 1X — R I R P45 7E e S AR AR A TR A, 9F
ATRE N T 40 e PGS A0 IR T 5% . Cao [22]% NIIWF AL R, 1E 50%fH) CIN A1 65%(1) & #5i
FR i TIM-3 Rk B, HESIRRS . AR REM G, KW TIM-3 BHPER & BA R ZE
MITIG o XLt TR B T TIM-3 76 B S50 G 28 V42 R 1 F v oG A . Bl 480 s L W a2 1 2
MU G SN [ REMA, I e ISR T TIM-3 A 9 A Sk 5 ST ik 72 1A 2 VR 7 3 s RN TS VAl TR 1)
HEME. JFH, TIM-3 WERIES B3R S8 WG E VMG, ARSI 34 TR 177 .

3. RENE SHIFIFININ A SEbE
3.1 REE L HIHITIA R AR

20 A e R A SRR (ICIS) BT RIRIAERY B, 3= ZEEL 4R X PD-1 F1 CTLA-4 [ s BE B f4s
filtn, Pembrolizumab (—Fh4t%E PD-1 fHTAA) S48 35 [H & i 24 il B 8 38 R (FDA) L v FH T30 97 AT Je ik
IR PD-L1 PHVET S 808 B . IR, XX R2 Gy I IR N2 AN R [23] o Bl B 7038 % X
VA (BsAbs) 3R %, 19101 Cadonilimab (AK104-201) [24], £ & 2 VAT T 5 7% H 08 v ) 25 W0 2 it
#(ORR). fEHEZEATHZ 0. B 1 HIEKRRIE S, Cadonilimab 7EI697 24 & #4721
AR M e B B, ORR A 33.0%, 58422 fif(CR)F N 12.0%. 7£ PD-L1 BH%(CPS > 1) &+, ORR
Wi, k3T 43.8%. fE{fi/f] Balstilimab (anti-PD-1)F1 Zalifrelimab (anti-CTLA-4)414 V477 M 11 5 20 1
WH5E[25], AR T LA RAREE R : ORR: fE 155 L LMES 5%, HlZ MM FE N 25.6%, HiH
$5 10 56 4 LA 22 IR I Ris o BRSO F0N 52%. (£ B HURIRIT H, S A SN (1C1s)
HE = — AN B Rk, (B2 kgt %t PD-1 ) Pembrolizumab 5N 2 A B . X5 T XUEE 1%
U4l Cadonilimab) F1ZH 497 i2:(2 Balstilimab A1 Zalifrelimab) IR « X S8 7 576 I AR IR 56 P 27
EREMEMRER, JLHIETE PD-LL PR, X R IR A S s i AR A FO ) PTRESE A 21X
— BRI T ARG HE BT /R B SRR T P I E L, [RIRT AR T R R AT TR O T 1A

32. FREMKEHERE

TR 2T ST ANHIF (1ICIS)TE M g S SR I A M 8 S0 vy T U 7 R it g, B8Rt T AR
B, BRI, IXELIEST T R AT 5| K RS A R FAE(rAES). ICIs @I s T A St i an i, M
T 488 5 Y G 28 S B ] RE S EIE 7 LU0 B B g J80E . IX Y irAEs LT B . B AN 4k
Z 5t . 1F Pembrolizumab &7, 55 LI N 433 R GuAH OC irAES N R AR ShRebts, Ho e A H LY irAEs
COLFEIEYS 5 98 IFF 98 S B SRR VR AN PN i %, T4 98 U] 3 2 5 5t CTLA-4 597 #H 5% [26] . Pembrolizumab
TBITFHRA REFH(TRAE) KA Z0N 74.3%, Hohi WL TRAE GRS . JEV5 . Wl B HIRTT
JH[27]. HEM S, BsAbs 41 Cadonilimab fim B A 22 AR, 3 B UL EA R FARI RN
12.9%. Balstilimab (L PD-1)t & Zalifrelimab JA 77 7EMN 2 M A TR I R 4F, HEE LR ZEN FARE
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{5 R I T RS U8R (14.2%) 1 HUR IR T B8 T0HE(7.1%) . SISk TG, XK IR & T 244 H ICIs 697 = 3
JERE, SPET RO 7 AT E B . AORAOIE 7T T B R AT Il JkEs irAEs, [FIRHRFRGIT RO, DAL
BB RE S N IX B SE VAT R IR IR ORI Za Ak . AN, REEDSIT N, ands T BB A Wbs B G
JTIERE, WRES I — DI B SR T AR e 1

4, G5iE

TR B S B A, AR IR T R HPV R S B8 KR Z MR R MK R . BRKZH
HPV Egufe B AT IR, (HRRE A fE BURGL A0 B B0 I 1 2 AR R 3R . DRI, R i 800 £ S 2 0 B
WU X R AT R TR AR 7 SRS A OC L L. el T A RRAE B S0 (X0 S R 2 PR A iR e PR T
HIHIDIRERZ 2] HPV S A ], SBURRIR. £330 77, o & m iR s 7 8% 10ie
JrIE D1, AEXS TR IR T TR I RN RN RS, AR TR L. Hl, 697 S 30 K709k
RESHAL, BIEZYNRTT . AT AT ARG, (BRI IR FL U T4 B 1 B AR S L AT A
AR Ak, ARERIRSE IR AN E S0 AR AL AT G S B K B B, XA B T LA
(a7 HEms, HONARRBEFCIE M 1A JCHGRAE BRI T T, MRS HEER TR SO S, L
TR BB R T IR RCR A AETE R . X T B SR a7, A% RS B S R 75 SR A
m o PRSI T RCR -

&E 3k
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