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A review of the mechanism of annexin A1 in malignant tumors and

the progress of targeted drug development
ZHAO Guangyu , LI Danting sYAN Zhibin
(College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: As one of the leading causes of death worldwide, malignant tumors are severely restricting
clinical treatment outcomes due to invasiveness and metastasis, as well as drug resistance and off-target
effects caused by the tumor microenvironment. Annexin Al (ANXA1) regulates biological processes such
as cell proliferation, apoptosis, and inflammation through formyl peptide receptors. In recent years,
studies have found that dysregulated expression of ANXAI is closely associated with drug resistance,
malignant cell transformation, and metastasis in various tumors. This article systematically reviews the
biological functions of ANXAI, the regulatory mechanisms of tumor occurrence and development, its role
in anti-tumor immunity, and research progress in targeted drug development, revealing its potential as a
novel therapeutic target. The aim is to provide a scientific basis for the precise treatment of tumors
targeting ANXAIL.

Key words: annexin Al; malignant tumor; tumor drug resistance; tumor immunology; targeted

therapy
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AGYENIEE  RIIRIE . R A0 ARV S S R, B A
SRR ZEVEFEEREIE " H U A S , I o 4
g EESLT RN Z —. 583, 2020 4F LIk, &
BRAGAE IR SE T ANECA 1T 1000 J3 495 78 2022 4F,
SERA T 2000 JTEHE AR ] HA 2 970 1 AHE
THEARE S JAE R RFE IR AT AR AR IR
AGPEIRS T AE Im AR b BORS: 1 B Bt 2 1, 5L i
Jed O L A7 AE S BT M 5 S A v I b b R R B
(Tumor microenvironment, TME) T £77E ) S 2 1
T o ST 1 PR Y7 T I T 245 5 2080z DA R S
I ARAR A DGR AT, ™ i ) AR T RICR s W5 K A BT
BRI 525,

R 9 Al (Annexin Al, ANXAL) 2B
F1 annexin &1 — b, 38 i 5 K AZ {4 (Formyl
peptide receptor, FPR) ¢ 55 145 5, = 5 i #= 4 g
HUFHE PR T S SAE RO SO AE Y B . ANXAL
TEFLIE IR 45 BV 2 2 Fss e TP AP 7E R 57
B, 5 M (TR 250k L TE R AR MO A DL e

AN SRR IARE Y C B NIRRT
U BV 7 R B R L AR SR N AR G s A B
ANXAT B Y22 D B8 AL AR b8 e A e vh Y
4% AL S PR R SR s A AR R 2 T
ANXAT I 1) #8 15) 25 1) F 5 2 i . L3 O L 1)
ANXAL BHURRRE AT K gL S e g =

1 ANXAT &4

ANXAL MPEERE A A ME NS — 0,
S M EBERR S5 & B AL T K 9q12~
q21. 2 X3, Mg R MG K & (1 1. calpactin 11,3
@IREH-9 . PLA2 M E A p35. | AT £
Fhe SURIAN 2SR p o ANXAL 346 423
ik (Amino acid,aa) 20 . 43T K 37 kDa, 5324 2
AAFE AL, B N s 455 GO A1 C st X
BOLE D, CimtZoasitbsih 4 MIRREHREE
JEHNVAH R BT 5 29 70 D2 IR A A TP
B B AR i BRI, B 2 Ca® RIS,
AL N v FEE P ANXAL 5 B AR 59 4 &
PRS-,

H,N — -

HEFF
[ 1
F T K D K S G
— = == COOH
42 13 114 185 197 269 273 344

(a) ANXAIEAEKFF]

(b) ANXA1ZE A =425 0] 451

1 ANXAl EBFIIS=ZHEMTERE

ANXAL it 551Kk FPR 454, 2 5 ZFh d 5
A R LA A0 MR 5 | AN AT A0 R Ak L 20
ST B, 48 0 14 3B L 15 11 AL 4 A A 9 U g A
ANXAL VEABE B 22 A5 10 SO 500 - R AR i 1ot
PRI AU 56 K A 0 ke 8 2 AR H L 38
A S I T A0 AT A A 5 G B 5 Ak 3
PEGRE N fEHE T 40534k R Thl S Bh AR, I 1
EE A The SBhanpe™ . ezl shd bz

MRS K AR B v, ANXAL I8 52 2R H 2 - K
At T A2 B LA S A 1) 4 . ANXAL
A FPR MIELZH LS 1 20 1 2R 60 1 38 1 33
FRM A P o 200 LR R i f e S R A v R 4 A
FHE A ANXAT S HE AL 26 11 40 B 2R Y
A AR A AL A A . Ok B AT R
B ANXATL I8 5% 98 5 e 1 A A A T AR AR B
B T2 RS e  B UAR S
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2  ANXA1 7ERfE RS 1E R AL

2.1 ANXAl 53pR%E

FLIRIR 2 AR LM R0 3 0 vei 1 b oRg » R A
By ot A G I 1/3, BETC R 2 W
IRBLREN 15% I R 2 BT, ANXAL 7E3L
[ e AL SV S ATE SR o PN e
A5 Tyl DR 98 735 ) R T P L M JR 2 TP s Rk
IS EE AR RBUGERIEAR S fEFLARE T
e, = FA M FLIRE (Triple negative breast cancer,
TNBO) ZFE MR 2 IR PR SRR B K
R Bk R BT A LI, B (R 2B FE RS HE 1o
N K R A s, TG e 22 W FL AR R B, F
5% IIERE R R 4 1813 (The cancer genome atlas,
TCGA) il e 2L IR 98 B PR o3+ 40 23086 8 554l vh
R TNBC B ANXAL FikKF 8368 T H
ME A, ANXAT Y75 2R 35 5 42 g M e 92 4 A 32
CRLHR AT K 20 ) DA K A= 28 1 2R U AH G . ANXAL 1]
VE R FLIRIE L W A W bR i ) A 7

ANXAL Al it ZFigie 2 52 0 &k &
JRGERR AR R A S 2y . TER B T
1 HAE LTS LR L 2) ANXAL 25
FPRI1 A4 ME5 155, 5 TNBC 4 fg () 4= 28 F
FETRAE 115 b) ANXATL A 3@ i 44 58 TGFB/Smad
B R AINLEh AR 1 AR AR S A P A, 3 0
|- Jz ) g % 4k (Epithelial-mesenchymal transition,
EMT), 5l i 5% B v 3L R 9% 40 i /9 2 22700,
) ANXAL WAl Ll 5 IKK & 4 9 89 A1 B AE H
BOEFUIR I A P i) NF-«B {55, 385 0 7L N g 240 i
(12 78 F1 55 7% BE 1% L Ah, FEBR B IR BE T,
ANXAL A A S F- 1o BT REIFE—2
s LRI A0 R B AEE R BE . ANXAL Al
22 G 1R 3E A B 22 (Serine protease , PRSS22) By 1A
AT LRI A0 M A FN iR 28 . Horh PRSS22 i
P ANXAL #E 47 U1 &1, #6000 7 4 N i ik, BT
FPR2/ERK {554l LI s LR R R 2, phig
BIEHF 4 WagiE i 3T ANXAL/NF-«B i #% %
Fazg SNAIL HH . FIH E-55AE A # B KF &
EREFUME A E R . ANXAL B E S /e FLIR
I/ IS T 200 £ 5 S ER A b A S L AR g 20
Gri ANXAL DA E /NI 5 4 52 5 . FE it 24
D71 ANXAT [958 3K 2 18 5im L 9 40 MG 1) i 2
P R TR F ARIDIA BSR40 T 3L IR 9 40
Mo ANXAL 1 RIK, 06 AKT i@ f# LA S xf h

IR BT 3R 9T R 25 T K BE IR 4 % RNA
DCST1-AS1 il it ANXAT etk TGFB i S/ EMT
JEH 58 TNBC 408 /9 b7 i 25 1. 28 L rid,
ANXAL FEFLIRIE 5L RS St 245 v & #5 A 1 1
JH & JECHEE iy 400 81 SR s Stfe LA o o e B 5 3 B R T
Tikf 245 1) XUEE (L » AR 5 7 HE 1) 259 1 10, 5 S e i
I7 I G SR M P Ak B I R AR A2 P B 45 7 TR IR AR
FUHES) ANXAL [l AR HEIR T3 s i 5 Ak 5
N .
2.2 ANXA1 5tiE

it 2 A Bk e DL IR E L © Rk A
Je8 I FAE T 118 o (o D PR 7 Rl i 288 ) gk B 5
A 4 ORERRAYY A RE L MlEE T LAY A/
2 it filiJE (Small cell lung cancer, SCLC) 53E/NH
JifififiJe (Non-small cell lung cancer, NSCLC) , H:
BN AT 2 8574 .

ML B RE R WL ANXAL 25 7 i 1Y
RS RERBER, R EREEEN AR
2GS . ANXAL # i) 5 NF-«B 5 4
YIS PP ) TKKy AH B S 384 56 200 i v iy A R
T NF-«B i& 1L . itk NSCLC Ak ; Bl ANXAL fE
g4l NSCLC 4 po 5  E 8 fiR 28 g 100,
7E SCLC Hr, ANXAL REWE7E 4l i /K -5 sl /K1
K SCLC 3458 A=z 22 T 68 J1. ANXAL & H]
25T SCLC HHB M RhLH ™ . 1 NSCLC
i, ANXATL BOA KR A B E 38(Glycogen
synthase kinase 38, GSK3p) B4 &AE H AR, i f5
H 5 AN i e R RE B I AE 56 . ANXAL i
5 GSK3B My B 1k 314 il EMT, fH 1k NSCLC 2
MR ERS AR ZE S . FEARA  BHIF T4 5 1R 40 )
B ANXAT 78 [R) i 3 0 % A= % e v i /e FH ML
il s S IF A& L ANXATL Sy 5 0 il 95 K5 11297 R s
PEALFL AL A B A 5 S0 50 S 1
2.3 ANXA1 5K RE

U2 98 e A AL 1) T P PN g s o R e 8
RGUEMEMIE R 81% . A B &R w5 122 Ft
T2 (5 AR A 38 U T R I 4 e s i A 4 L, -
J IRy B TR AN LR | /b5 Jie I AT bR | = A g ki /b
SN . BT, R BOR AT T B AL
ARYIBE AT FUBOT ARG RYA YT Hh i e 3 i A
TR OR B >, AR & A 5% 09 B TR iR 7
I 2 X T PG SR AT 9 S A

ANXAL FEM AR B g R IAKF B & T
TE R 2, HOnT 3 Ao A1 S 5 J 96 AT L 1 34 4 L B A
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2285 5 IR PRI, 9T H ANXAL 7858 B8 it s
FIR 5 G IV SR RS 22 I W A 560, Lin
SE LT TCGA B e 669 AN I TR AR AS 1 e
SEALEIT & I, ANXATL ] A S fise 5 96 s PEA
FG 2 ORI I AE bR R . 72 & B 0
ANXAL w3t HERH 3Z /& FPR1 5% M2 #E 1
20 A R/ DN RS S5 A L P 7 A AR T 98 S S ST
T T 40 il (Regulatory T cells, Tregs) 3K 3 1) 4
FEM I TME, 410 LR 00 4 i g8 G 28 1y 240
UEAh, 40 B A 28 A 5 9 SBSN & (il i 5
ANXATL M B AE R BOE NF-«B {5 51 % . 35K 3
R SR (R R & R, sk & M L
ANXATL ARAGE T 2 5 ek 3 40 e 185 5 L 30 % A
B R e R OR R A ST, o ol
ANXATL Ay IR BB Ui 22 158 0 40 M i T2 JFm
HIHR MRS . 5 LR, ANXAL f23A
I7 IR T U 1 T A TR B N 2 —. R ok T 4%
ANXAL P B9 e JE s AL S o i o 9 i
H UG FERERIRAR
2.4 ANXA1 58¥E

B A B L R i e e
BB T 8 K NECRBE T N B053 SilAr
G ST Tl s NBCRNBET- N BRI 26 5 (7 AEs 3 4,
HBMREZ T . 20T 50 2 U AR, 5
KIRBE P2 BETIZE AT, W5 AR H
2R KA L R R 2 4 8 2 1) AR AR . Ol
B R PRS2 W R ROA YT BRI .

ANXAL 1Rk 5 B 95 B E K= 8
R AL RSB I B A AE IR 22 M6 R 2 5 2
i ERER T s = R R L AR L] SV NG
BT 25, ANXAL @it FPR JH5 i/ %4 K B-
| EFEMEKN ST mAREEY BmhEk
KWK E A - EBEEEE A 1 o8
ANXA1/FPRI 3 J%175 5 b Je A6 5 B 0 240 Jifa 3= Vi
FBbIR I A . R RS R TP LA RS 6 T
Wk EJEH ANXAL R ANXAT 8 A e, 9
il CD8™ T 451 , 4o e e btk , A1 1 15 9
AMMAETE . IR ERIGYT R SYD R AT 24 1 R T
A E RN EERA & RN ANXAL )5 i
] PISK/AKT/mTOR {55 #3851 15 Ji 41 o xof 52
PRIET 25PEDY . ANXAT Kbk 5 E 5w
T 5030 bk EL S5 AS R o3 S R 22 A Ak 2
S E A OG , HRIR KT Bt 25 B R 0 1 R AL RS 0T
BERAL . ST ANXAL 76 B 0 & Ze 8 45

ML, W98 T WA ANXATL 16 B & R e iy
NANER S I AAEUEIRTT SR AR A0 5Ll
2.5 ANXA1 5'54&

"B e, PR 40 i J (Renal cell carcinoma,
RCO) , R T B /INE TR 2 G000 B e, 2 i
PRAEGHE W28 > — B B8 & 5%
AORE R . X — I R IATT IR 5%, 32 R 1 2 R
M 25 &7 e B e #k )2 FHF RCC 515
2 AR PR YT (H B i R X BT JE R T A T 2 P AT
SR AR YT T I Y = ZEBRAR

ANXAL i@ % 7E RCC 4l ik B, it £
FHLHIER RCC BEMEF R R 251, #F5E
I B B M AZ R A8 Il IV . M2 (Ribonucleotide
reductase regulatory subunit M2 gene, RRM2) i 13 f2
E ANXAL BT, 306 AKT 5 58 5%, 1 mar e
FrJext RCC i 2575 . ANXAL if B A 2 M 4% 4
WAE T, Hog 363k 5 RCC M BRI AR A 6,
AR AT RE S &7 JE 8 Je 1P il 8 AR AR A E DL G TH
ANXATL FIFR A A AR AT . A RIERRZ R
A OBE A & b E3 % 2 B RBCK1 i@ i
ANKRD35-MITD1 #lifie # ANXAL 93Kk, i
AKT #1 ERK Rk, 8 fE RCC i B 5 41 g
XY JE R e A 25 PR SRDY . I ANXAL
K] DL % RCC X &F e & Je i it 25 P, o
YTHDC1 7] i i3 T 9% ANXA1/MAPK i # 4 1
RCC AYE e 385 RCC X % 4 PR 15k e 61 5771) 114 £
JHESY . ANXAT B RCC &7 J8 %5 Je 1if 24 i ¢
o7 HAEALH AT EE S AKT 2545 5 B4 0S
T A A R A G . 3 A A Rl R i 24 X A 4 {4t
TH I, KT K LL ANXATL F k0 564 i 25 30
R A Bl RCC i 24 F A SR 8T R T e B .
2.6 ANXA1 SHEHAMEE

VE R R ANXAL 3 w2k 2 W
FH At Z Pl A bR v A0 g L BRI
IR s 45 22 T SIC AR R e A 2R 1 AL 5 I 2R 4
B LIE S B TS R R E Y, ANXAL
TRIFEHLEAEAS R s P b A R vk eS8 B e
H, ANXAT 382 98 15 200 i J) 300 5 2 8 200 L S - 34
B PR ANXAT A LA I 35 0 7 3 4 e A= KT 5 7
JBE AR s ANXAL REAS PR 9o 40 i 28 50 8 7 DA
Ep PR, (R B B B S R 28 FE i 4l
BgEh, ANXAL Rk @ IF iz s i 20 4i i sh, 5
FPR 45404 S AR 28 15 91 B9 A O i £F
HEAN M S ANXAL AR BEEaAE b Rz 40 25401k
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Sk 440 A 0 L S ) 38 i 400 A 4 B ) 348
FA L0 s 78 J58 e s b ANXAL 3 3 0% EGFR
15 5 3 [ A2 HF 40 i 0 38 L AT A IR 28, TR
ANXAT 1] LA RO ] 57 b A% I e e 1 A 4
TERAZER P, ANXAL #id FPR 4425 T 41
BATE 5 1M 4 A A I 1 SR R RS S R R,
ANXAL i o % %% EMT 3 1% 1IL-6/JAK2/
STATS 38 %, fi i B IR i A e B 5 0 7 otk
BEZ A M H . ANXAT AJ/ER Notchl TiRE Yl
TR, H 42454 3] Notchl By i Py 25+ 35 J
AP i) o A0 o 3 DR A T R A 1 I 200 B ) 3
BEL 2 bR . ANXAT J2 B 95 Fl i) 41 966 X 40 43
T L TR U 8 A A B 4 A S
T EMT 75 5 5 el 1o oA 35 7 9 25 2 F AL, 9K 3
iR . L BRR ANXAL FEAS [R] 98 i o
(10 P 4 P90 24 5 R S PR I 08T 2 5 AT R IR R e L
T S g AR X 4 ) SR AR R PR

I M D P S 24 P R R RE VR YT R I Y E R R 2
—  ANXAL W55 F 3k I 51 s xH b7 259 7=
HE 2R B R, 5-FIR B IE (5-Fluorouracil ,
5-FU) AT 45 E W i 1 IR — 2 2454, JL 2 2%
SEBEWG AR, TE 5-FU i 24 19 45 1 17 98 40 i
H, ANXATL ik B35 B I % & f Rkl D
RIRRAIR T 24 20 Ji A0 77 35 R0 Bl ANXAT 3 i
T L (A TG P G = A, 398 5 A S AR 51 A A 45
SEAANM [ WEAET T B 2 AR . B IR R
AEAE T A B 0 20, 76 R AR I ANXAL Rk
K55 i B 200 2 0 5 P At 2 R HL A RN 5-FU
SE I IR AR OCT Y 7 T 81 IR E . RRM2 3
FaE ANXAL & PISK/AKT Ji 4% . i 15 g 20
et 22 P b BRI 25007 5 785 e eI M 22 R R IR
v BB LAY WY ANXAL 345 e AMPK {%
SUE B CAR-T 675 B 4 M BT 5 B 1
2R, U ERRE 45 SRR, ANXAL 0] 4 Sy b %
PSR TR 24 (A VT 3R 7 A s AROK T B4 sh HL N S 56
R REHEIRTT 10 A, S o IR P e I e a0 J
Tiif 245 4 AH BT S
2.7 ANXA1 S5pERE

ANXAL 15K Z: 5 e 592 398 3% 1) OG5 A I
FLA PR Gy R A 0 G IR MR AR AR T L 4
Wtk K TME {55 #97EH .

88 R 8 I 7 Y 3 A R T X4 IR RE Y 7 I IR T
3l o e 9% K A 8 B B (Immune  checkpoint
blockade, TCB) Jf- 5 % I Jes 40 58 AR 5% , 510 e i

FRGE0F iR 0 A A A 5 A Aot g S kR
0 E UG RIE A IR IR ES /. HET, LSS 1) 40 i
BEPE T WA G B 4 B P RSB T 324K 1
(Programmed cell death protein-1, PD-1) ., 2 ¥ ¥4
FET-HLAK 1(Programmed cell death protein Ligand-
1. PD-LDHiiRZy A3 ICB 97 1%, CAEFLARSE |
it | P 00 3 90 A P P U S e T L
Jed A0 M AT Ak b R SRS A R TR IR ML
B2 W L, 7 L e i Js A R € 3R 0R AN i v
ANXAL #1454 PARPL Al Ei# STAT, %5 PD-
L1 5 358 e o b S e ik ik, mic ik ANXAL U fig
W TP PD-L1 f9RaK I3 T 20T i 240 g
A GiRe

Z Rl O e Lo 1 O A
(Immunogenic cell death, ICD) & 3 — Fh 56 4 f 258
TRYT RS X — 7 VAT e 4 e e A= FE T, R IR
G R S 2 A Ay G 8 D S S ML AR 1) e e e s
MM S A ICD B, R BE S R
(Calreticulin, CRT) Z v 2|40 HdfiZ% 1. ATP. it
B R OBl M ANXATL B ik 2 ig 4k 45 8
G IR AR R ANXATL A iR 4i i
H CRT 2888 R I BEE X 1CD ¥ i AU g
A LT AR SOTR 20 A A0 S BRI T 9k 2 40
B et 1 R S RE kiR L i ANXATL X e Ji
M IAE T BAT I AR

L W3R 200 i 2 AR B 5 2 456 v o B 2 I 4
REASTFUN] AT IR SR o D A, U310 52 3 A DG B L
I PRPENE . TEAFFREERET B0 25 &
AT A [R) B RE LAY, Hoh M1 AL M2 &Y
JE TR A, M2 A 20 i 5L B g N e
MEE . I 2 5 & A A ok R,
ANXAL 5 M2 RS w4 ik fAf e 78 M2 R g
el ORI o s A RS L e O el =1 = VN
ANXAL BERTLIAE Ry WIRPEAE 5 40+, AT LAE
U TAY T, 38 A HAZ AR FPR2 A ik e 40 il Ak
WA LM AN A AR R AR LR A P
ANXAL B3R N PRI £ TME SRR
BELAS M2 750 I 200 At A Ak Fn i 12 28 v . R BT
A L A0 ANXAL 19 3RABESR = M1L/M2 H
Wt £ i LU 23 R E T 48 P 355 b ke 8 iR 470 e g %
P A G IE AT R . ANXAL 25 H
by G e A ) A M D) BE » Tregs 4 MAE TNBC 19
PR S o R AR AR . ANXAL 1958 Tregs
A0 S S D RE L BEAIR TNBC & B A7 2%,
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A ANXAL 1] DLy 59 Tregs 40 A T RE VR I
TNBC™, ANXAL iy £ LB 5 CD68™ 4 £ 41 i
P WG 20 f ) B8 2 I A G, B8 R R M ANXAL
Be= Al S cGAS-STING 38 B 410 i i Ji g 40 i
AR,

ANXAL i i# TME H (55 M %, il [ 5
WA L AU B 55 430 7 2 s ANXAT 7 i I8 290 ity ik
JoT 4 A [R1 TR OB ) 15 5 SR 4 /i EMT . 3K 3 b 97
UMM AT AR R SRR BRA, BT R A
TR ANXAT 227 Fre 2k -4 il e v
FEHEF R

ZE L RTIR , ANXAT VB g G i 1k it (1) 5 gk
P T ) 2 55 W e ki i 240, s
FEIR SRR YT N AL T E A . AR RA
FFEHT ANXAT W s Sy 1k i 1) 43 X 2% 5 [
ezl ANXAL $E 1) S W55 B o887 i A
ST, R TR S e IR YT AR R T 3 e

3 ANXA1 $EEZ5¥EH & 3R

AL I BAEHT ANXAL {5538 B e R VAT
HIRS T BCORHE RS, P e T ANXAL 8 Pl ks
Bt Z KLY (R D BRI R
P ANXATL N 34 ik ANXAL(2-26) A] 4] A0
TR AN Hep-2 B4 A, 45 1) ANXAL (2-
26) BKBE B N 37 A2 K ANXAT(14-26) , 0] LA iF
1Y 5958 200 JH0 08 T, 1 0 B0 598 A i ok IR Y SRR
PESST R BRI, ANXAL @t 5 A BI040 A=

W& I B 25 M 32 /K 2 (Erythropoietin-producing
hepatocellular receptor A, EphA2) 454, #2m H. 3%
TRIKFIE R NS0 15 5 e S 005 M L A1 1 S AR s 240
JHL B A RS s ANXAL N 35 4 28 S R 5k 4L 20~
30 Aa Fll 28~30 Aa 1 5t 454 & &€ EphA2i™],
FTF I, Feng &5 & T 2 4 ANXATL fifA: ik Al
(20~ 30) Ml A1 (28 ~ 30), & BLAT 4 Bk 7T A% 34
ANXA1 5 EphA2 9454, F i EphA2 (3%, vt
400 1) 5 PO 95 40 L 1 184 50 5 3 2 A A KR ] 3 5k
#0 1) EphA2 R A 410 1] 5 95 A0 45 i 98 4 e 4 >
Bl Z R R ANXAL AR Ik A1(20~
30) 38 17 2K ARG AR AR T FLARIE it Fn 2R
RN Y PD-L1 8 R e M e ik K7, 3
il S ki, AP R JOF H A1(20~300 5
PD-1 Sy 25 W) 5 & ¥ U IR B b g R0 . i
Hh BT ANXAL FFE /N 258 FiBi iR 25 ),
JeB B4 v AT, o, R FPR2 45 905
WRW4 BH KT ANXAL {5538 #, 7T LU 250438
CAR-T i BCMA BIPEH e, #E i ANXAL
N IRAL BT B HTIAR 259 MDX-124, iR PESE &
ANXAL, iR H 5 FPR1 5t FPR2 (A0 B /EH 31
TR A AR, HAT X259 2 3 A Tb WG KB
g, Rokenl it — itk ANXAL A ik A faE
PES R, IFE5 6 I R T R 30 e H 5 e o A %
P 0 A7 I R I G I 5 IR T it/ N7 254
PRI REE (LAY M ) ANXATL /9 i
TEIRYT PR UL 2 A O

R 1 ANXA1 SEEZEYCE

&Y 2 IRITREAE 25 30k
ANXA1(2-26) £k INUE gt [87]
ANXA1(14-26) EZiIN IEER [88]
ANXA1(20-30) Z K BIRE, BE. 2 s, AR e R [89-91]
ANXA1(28-30) EZiIN B B S [89-90]
WRW4 INYF Bt [68]

MDX-124 it JRAR AR LI [92]
P TEFIASE . Kok @54 iy A%
2 g

ATCN ANXAT 15 40 M4 5 L f= 26 7% i
PRI e S 2 A RGEIR T HAEAR
(e Ao JeA 14 A Az B vp B AR T 1) ANXAL
(2500t e 1 FRE 483 7 A D TR 3 9 L A ) o
TEMHE.  FHT ANXAT A0 BT FEATS s % 1 2 Bk
1% AR bR o ANXAL 92635 5 Tk 5 ot i oA
B BT AR I BIL R 52 A2 B L 25 0 16 S5 45 5 e

SRR [ % PR B AR R B SF B 2 B AT 2
HANXAT HE 3R 77 (19 i PR AL i iR 7 il R
TN RE .

S 230k
[1] Bray F, Laversanne M, Sung H, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality

worldwide for 36 cancers in 185 countries[ J]. CA: A Cancer



50 LT T2 AR

2025 53 &

Journal for Clinicians, 2024, 74(3): 229-263.

[2] Zhang X, Li X, Li X, et al. ANXAI silencing increases the
sensitivity of cancer cells to low-concentration arsenic trioxide
treatment by inhibiting ERK MAPK activation [ J]. Tumori,
2015, 101(4) . 360-367.

[3] Bist P, Phua Q H, Shu S, et al. Annexin-Al controls an ERK-
RhoA-NFkB activation loop in breast cancer cells [ ] ].
Biochemical and Biophysical Research Communications, 2015,
461(1) . 47-53.

[4]Chen Y, Zhu S, Liu T, et al. Epithelial cells activate fibroblasts
to promote esophageal cancer development [ J]. Cancer Cell,
2023, 41(5): 903-918. 8.

[5]Guo C, Liu S, Sun M Z. Potential role of Anxall in cancer[]].
Future Oncology, 2013, 9(11): 1773-1793.

[6] Aratjo T G, Mota ST S, Ferreira HS V, et al. Annexin Al as
a regulator of immune response in cancer[ ]J]. Cells, 2021, 10
(9): 2245.

[7] Rosengarth A, Luecke H. A calcium-driven conformational
switch of the N-terminal and core domains of annexin A1[]].
Journal of Molecular Biology, 2003, 326(5): 1317-1325.

[8] Boudhraa Z, Bouchon B, Viallard C, et al. Annexin Al
localization and its relevance to cancer [ ] ]. Clinical Science,
2016, 130(4): 205-220.

[9] D'acquisto F, Merghani A, Lecona E, et al. Annexin-1
modulates T-cell activation and differentiation[ ] |. Blood, 2007,
109(3): 1095-1102.

[10] Fankhaenel M, Hashemi F S G, Mourao L, et al. Annexin Al

is a polarity cue that directs mitotic spindle orientation during
epithelial ~ morphogenesis [ J . Nature

Communications, 2023, 14(1). 151.

[11] White Z B 2nd, Nair S, Bredel M. The role of annexins in

mammalian

central nervous system development and disease[ J ]. Journal of
Molecular Medicine, 2024, 102(6): 751-760.

[12] Mcarthur S, Yazid S, Christian H, et al. Annexin Al
regulates hormone exocytosis through a mechanism involving
actin reorganization[ ] ]. Federation of American Societies for
Experimental Biology Journal, 2009, 23(11): 4000-4010.

[13] Ernst S, Lange C, Wilbers A, et al. An annexin 1 N-terminal
peptide activates leukocytes by triggering different members of
the formyl peptide receptor family[J]. Journal of Immunology.
2004, 172(12): 7669-7676.

[14] Li L, Wang B, Zhao S, et al. The role of ANXALI in the tumor
microenvironment [ J ]. International Immunopharmacology.
2024, 131: 111854,

[15] Xiong X, Zheng L. W, Ding Y, et al. Breast cancer:
Pathogenesis and treatments [ J ]. Signal Transduction and
Targeted Therapy, 2025, 10(1); 49.

[16] Sobral-Leite M, Wesseling J, Smit V T, et al. Annexin Al
expression in a pooled breast cancer series: Association with
tumor subtypes and prognosis[ J]. BioMed Central Medicine,
2015, 13: 156.

[17] Huang H, Wan J, Ao X, et al. ECMI1 and ANXA1 in urinary

extracellular vesicles serve as biomarkers for breast cancer[ ] ].
Frontiers in Oncology. 2024, 14. 1408492.

[18] Okano M, Oshi M, Butash A L, et al. Triple-negative breast
cancer with high levels of annexin Al expression is associated
with mast cell infiltration, inflammation, and angiogenesis[ ] ].
International Journal of Molecular Sciences, 2019, 20 (17):
4197.

[19] Vecchi L, Alves Pereira Zdéia M, Goss Santos T, et al
Inhibition of the AnxA11/FPRI1 autocrine axis reduces MDA-
MB-231 breast cancer cell growth and aggressiveness in vitro
and in vivo[ J]. Biochimica et Biophysica Acta-Molecular Cell
Research, 2018, 1865(9): 1368-1382.

[20] De Graauw M, Van Miltenburg M H, Schmidt M K, et al.
Annexin Al regulates TGF-beta signaling and promotes
metastasis formation of basal-like breast cancer cells [ ] ].
Proceedings of the National Academy of Sciences of the United
States of America, 2010, 107(14): 6340-6345.

[21] Pearanpan L, Nordin F J, Siew E L, et al. A cell-based
systematic review on the role of annexin Al in triple-negative
breast cancers[]J]. International Journal of Molecular Sciences,
2022, 23(15): 8256.

[22] Bist P, Leow S C, Phua Q H, et al. Annexin-1 interacts with
NEMO and RIP1 to constitutively activate IKK complex and
NF-«B: Implication in breast cancer metastasis[ ] |. Oncogene,
2011, 30(28): 3174-3185.

[237] Okano M, Kumamoto K, Saito M, et al. Upregulated annexin
Al promotes cellular invasion in triple-negative breast cancer
[J]. Oncology Reports, 2015, 33(3): 1064-1070.

[247]Song L, Li H, Ma R R, et al. E2Fl-initiated transcription of
PRSS22 promotes breast cancer metastasis by cleaving ANXA1
and activating FPR2/ERK signaling pathway[ ] ]. Cell Death &
Disease, 2022, 13(11): 982.

[25]Sun R, He J, Xiang Q. et al. NTF4 plays a dual role in breast
cancer in mammary tumorigenesis and metastatic progression
[JJ. International Journal of Biological Sciences, 2023, 19(2);
641-657.

[26] Foo S L, Sachaphibulkij K, Lee C L Y, et al. Breast cancer
metastasis to brain results in recruitment and activation of
microglia through annexin-Al/formyl peptide receptor
signaling[ ] ]. Breast Cancer Research and Treatment, 2022,
24(1). 25.

[27] Berns K, Sonnenblick A, Gennissen A, et al. Loss of ARIDIA
activates ANXAI, which serves as a predictive biomarker for
Trastuzumab resistance[ ] ]. Clinical Cancer Research, 2016,
22(21): 5238-5248.

[28] Tang L., Chen Y, Chen H, et al. DCST1-ASI promotes TGF-
Binduced epithelial-mesenchymal transition and enhances
chemoresistance in triple-negative breast cancer cells via
ANXA1[]]. Frontiers in Oncology, 2020, 10: 280.

[29] Han B, Zheng R, Zeng H, et al. Cancer incidence and
mortality in China, 2022[]J]. Journal of the National Cancer
Center, 2024, 4(1): 47-53.



% 6 B

BOLT A RERE AL LEBAE IR b A FIALE S HH i) 25 Wik A ot SR £k 851

[30]Fang Y, Guan X, Cai T, et al. Knockdown of ANXA1L
suppresses the biological behavior of human NSCLC cells in
vitro[ J ]. Molecular Medicine Reports, 2016, 13(5): 3858-
3866.

[31]Guan X, Fang Y, Long J, et al. Annexin 1-nuclear factor-«B-
microRNA-26a regulatory pathway in the metastasis of non-
small cell lung cancer[]]. Thoracic Cancer, 2019, 10(4); 665-
675.

[32]Chen P, Min J, Wu H, et al. Annexin Al is a potential
biomarker of bone metastasis in small cell lung cancer[]].
Oncology Letters, 2021, 21(2): 141.

[33] Deng C, Liu X, Zhang C, et al. ANXAI1-GSK3p interaction
and its involvement in NSCLC metastasis[ J]. Acta Biochimica
et Biophysica Sinica, 2021, 53(7): 912-924.

[34]Xu S, Tang L, Li X, et al. Immunotherapy for glioma:
Current management and future application [ J |. Cancer
Letters, 2020, 476. 1-12.

[35]LinZ, Wen M, Yu E, et al. ANXAI1 as a prognostic and
immune microenvironmental marker for gliomas based on
transcriptomic analysis and experimental validation [ ] .
Frontiers in Cell and Developmental Biology. 2021, 9: 659080.

[36] Zhang D, Wang W, Zhou H, et al. ANXAl: An important
independent prognostic factor and molecular target in glioma
[J]. Frontiers in Genetics, 2022, 13: 851505.

[37]Fan Y, Chen Y, Run X, et al. Comprehensive analysis and
experiments  identified ~ANXAl as an  unfavorable
prognosticator in glioma[J]. Translational Oncology, 2025,
53: 102286.

[38] Zheng Y, Jiang H, Yang N, et al. Glioma-derived ANXA1
suppresses the immune response to TLLR3 ligands by promoting
an anti-inflammatory tumor microenvironment[J]. Cellular &
Molecular Immunology, 2024, 21(1). 47-59.

[39] Chen H, Chen X, Zhang Z, et al. Extracellular vesicles-
transferred SBSN drives glioma aggressiveness by activating
NF-kB via ANXAl-dependent ubiquitination of NEMO []].
Oncogene, 2022, 41(49). 5253-5265.

[40] Cheng S X, Tu Y, Zhang S. FOXM1 promotes glioma cells
progression by up-regulating ANXA1 expression [ J ]. Plos
One, 2013, 8(8): e72376.

[41]Cheng TY, WuMS, Lin]J T, et al. Annexin Al is associated
with gastric cancer survival and promotes gastric cancer cell
invasiveness through the formyl peptide receptor/extracellular
signal-regulated kinase/integrin beta-1-binding protein 1
pathway[J]. Cancer, 2012, 118(23). 5757-5767.

[427] Zhao L., Wang W, Niu P, et al. The molecular mechanisms of
CTHRCI in gastric cancer by integrating TCGA, GEO and
GSA datasets[ ] ]. Frontiers in Genetics, 2022, 13: 900124,

[43]Xu L, Zhang F, Yu B, et al. PRMT6 promotes the immune
evasion of gastric cancer by upregulating ANXAI1[]J]. Critical
Reviews in Eukaryotic Gene Expression, 2024, 34(5): 69-79.

[447RenJ, Hu Z, Niu G, et al. Annexin Al induces oxaliplatin

resistance of gastric cancer through autophagy by targeting

PI3K/AKT/mTOR[]]. Federation of American Societies for
Experimental Biology Journal. 2023, 37(3): e22790.

[45]Yu G, Wang J, Chen Y, et al. Tissue microarray analysis
reveals strong clinical evidence for a close association between
loss of annexin Al expression and nodal metastasis in gastric
cancer[J]. Clinical & Experimental Metastasis, 2008, 25(7):
695-702.

[46] Niinivirta M, Enblad G, Edqgvist P H, et al. Tumoral ANXA1
is a predictive marker for sunitinib treatment of renal cancer
patients[ J ]. Journal of Cancer, 2017, 8(19): 3975-3983.

[47]Wang L H, Cao B, Li Y L, et al. Potential prognostic and
therapeutic value of ANXAS in renal cell carcinoma: Based on
the comprehensive analysis of annexins family[J]. BioMed
Central Cancer, 2023, 23(1): 674.

[48] Xiong W, Zhang B, Yu H, et al. RRM2 regulates sensitivity
to sunitinib and PD-1 blockade in renal cancer by stabilizing
ANXA1 and activating the AKT pathway [ J]. Advanced
Science, 2021, 8(18): €2100881.

[497 Wang Y, Peng M, Zhong Y, et al. The E3 ligase RBCK1
reduces the sensitivity of ccRCC to sunitinib through the
ANKRD35-MITD1-ANXA1 axis [ J ]. Oncogene, 2023, 42
(13): 952-966.

[501Li W, Ye K, Li X, et al. YTHDCI is downregulated by the
YY1/HDAC2 complex and controls the sensitivity of ccRCC to
sunitinib by targeting the ANXA1-MAPK pathway[J]. Journal
of Experimental & Clinical Cancer Research, 2022, 41 (1)
250.

[51] Herrera-Lopez E E, Guerrero-Escalera D, Aguirre-Maldonado
I, et al. Annexins A2 and A5 are potential early biomarkers of
hepatocarcinogenesis [ J ]. Scientific Reports, 2023, 13 (1):
6948.

[52]1Wu W, Jia G, Chen L, et al. Analysis of the expression and
prognostic value of annexin family proteins in bladder cancer
[J]. Frontiers in Genetics, 2021, 12; 731625.

[53]Zhao X, Ma W. Li X, et al. ANXAI enhances tumor
proliferation and migration by regulating epithelial-
mesenchymal transition and I1-6/JAK2/STAT3 pathway in
papillary thyroid carcinomal]]. Journal of Cancer, 2021, 12
(5): 1295-1306.

[54] Oshi M, Tokumaru Y, Mukhopadhyay S, et al. Annexin Al
expression is associated with epithelial-mesenchymal transition
(EMT), cell proliferation, prognosis, and drug response in
pancreatic cancer[ ] . Cells, 2021, 10(3): 653.

[55] Liang Z, Li X. Identification of ANXAl as a potential
prognostic biomarker and correlating with immune infiltrates in
colorectal cancer[]]. Autoimmunity, 2021, 54(2); 76-87.

[56] Akhtar J, Priya R, Jain V, et al. Immunoproteomics approach
revealed elevated autoantibody levels against ANXAI in early
stage gallbladder carcinomal ] ]. BioMed Central Cancer, 2020,
20(1): 1175.

[57] Wang X, Shao G, Hong X, et al. Targeting annexin Al as a

druggable player to enhance the anti-tumor role of honokiol in



5 LT T2 AR

2025 53 &

colon cancer through autophagic pathway[ ] ]. Pharmaceuticals.,
2023, 16(1): 70.

[58] Belvedere R, Bizzarro V. Forte G, et al. Annexin Al
contributes to pancreatic cancer cell phenotype, behaviour and
metastatic potential independently of formyl peptide receptor
pathway[J]. Scientific Reports, 2016, 6: 29660.

[597] Bizzarro V, Belvedere R, Migliaro V, et al. Hypoxia regulates
ANXAT1 expression to support prostate cancer cell invasion and
aggressiveness[ ] ]. Cell Adhesion & Migration, 2017, 11(3):
247-260.

[60] Geary L. A, Nash K A, Adisetiyo H, et al. CAF-secreted
annexin Al induces prostate cancer cells to gain stem cell-like
featuresJ]. Molecular Cancer Research, 2014, 12(4). 607-
621.

[61]LiP, LiL, Li Z, et al. Annexin Al promotes the progression
of bladder cancer via regulating EGFR signaling pathway[ ] ].
Cancer Cell International, 2022, 22(1). 7.

[62] Sandri S, Hebeda C B, Broering M F, et al. Role of annexin
Al secreted by neutrophils in melanoma metastasis[J]. Cells,
2023, 12(3): 425.

[63] Delorme S, Privat M, Sonnier N, et al. New insight into the
role of ANXAI in melanoma progression: Involvement of
stromal expression in dissemination[ J]. American Journal of
Cancer Research, 2021, 11(4): 1600-1615.

[64]Li Q, Liu W, Wang Z, et al. Exosomal ANXAI derived from
thyroid cancer cells is associated with malignant transformation
of human thyroid follicular epithelial cells by promoting cell
proliferation[ ] ]. International Journal of Oncology, 2021, 59
(6): 104.

[65] Shao G, Wang X, Zheng Y, et al. Identification of ANXAI as
a novel upstream negative regulator of notchl function in AML
[J7]. Advanced Science, 2024, 11(48): ¢2409726.

[66] Onozawa H, Saito M, Saito K, et al. Annexin Al is involved
in resistance to 5-FU in colon cancer cells [J]. Oncology
Reports, 2017, 37(1) . 235-240.

[67]Cheng B, Li L, Wu Y, et al. The key cellular senescence
related molecule RRM2 regulates prostate cancer progression
and resistance to docetaxel treatment[J]. Cell & Bioscience,
2023, 13(1). 211.

[68] Yang S, Wang G, Chen J, et al. Myeloma cell-intrinsic
ANXALI elevation and T cell dysfunction contribute to BCMA-
negative relapse after CAR-T therapy[J]. Molecular Therapy.,
2025, 33(7): 3375-3391.

[697] Heinhuis K M, Ros W, Kok M, et al. Enhancing antitumor
response by combining immune checkpoint inhibitors with
chemotherapy in solid tumors[J]. Annals of Oncology, 2019,
30(2): 219-235.

[70] Van Weverwijk A, De Visser K E. Mechanisms driving the
immunoregulatory function of cancer cells[]J]. Nature Reviews
Cancer, 2023, 23(4): 193-215.

[71] Morad G, Helmink B A, Sharma P, et al. Hallmarks of

response, resistance, and toxicity to immune checkpoint

blockade[J]. Cell, 2021, 184(21): 5309-5337.

[72] Xiao D, Zeng T, Zhu W, et al. ANXAI promotes tumor
immune evasion by binding PARP1 and upregulating STAT3-
induced expression of PD-L.1 in multiple cancers[J]. Cancer
Immunology Research, 2023, 11(10): 1367-1383.

[73] Kroemer G, Galassi C, Zitvogel L, et al. Immunogenic cell
stress and death[]J]. Nature Immunology. 2022, 23(4); 487-
500.

[74] Galluzzi L, Guilbaud E, Schmidt D, et al. Targeting
immunogenic cell stress and death for cancer therapy [ ] ].
Nature Reviews Drug Discovery, 2024, 23(6): 445-460.

[75] Fucikova J, Kepp O, Kasikova L, et al. Detection of
immunogenic cell death and its relevance for cancer therapy[ J].
Cell Death & Disease, 2020, 11(11): 1013.

[76] Baracco E E, Stoll G, Van Endert P, et al. Contribution of
annexin Al to
Oncoimmunology, 2019, 8(11): e1647760.

[77]Li M, Yang Y. Xiong L, et al. Metabolism, metabolites, and

anticancer  immunosurveillance [ ] 1.

macrophages in cancer [ ] ]. Journal of Hematology &
Oncology, 2023, 16(1): 80.

[78] Qian Z, Fan W, Meng F, et al. Molecular characterization and
clinical relevance of ANXAI in gliomas via 1, 018 Chinese
cohort patients [ J ]. Frontiers in Cell and Developmental
Biology, 2021, 9. 777182.

[79] Moraes L. A, Kar S, Foo S L, et al. Annexin-Al enhances
breast cancer growth and migration by promoting alternative
macrophage polarization in the tumour microenvironment[ ] .
Scientific Reports, 2017, 7(1): 17925.

[807] Novizio N, Belvedere R, Pessolano E, et al. ANXAI contained
in EVs regulates macrophage polarization in  tumor
microenvironment and promotes pancreatic cancer progression
and metastasis [ ] |. International Journal of Molecular
Sciences, 2021, 22(20): 11018.

[81] Cioni B, Ratti S, Piva A, et al. JMJD6 shapes a pro-tumor
microenvironment  via ~ ANXAIl-dependent  macrophage
polarization in breast cancer[ J]. Molecular Cancer Research,
2023, 21(6): 614-627.

[82]Bai F, Zhang P, Fu Y, et al. Targeting ANXAI abrogates
treg-mediated immune suppression in triple-negative breast
cancer[ ] ]. Journal for Immunotherapy of Cancer, 2020, 8(1);
e€000169.

[83]Hou Z, LuF, Lin ], et al. Loss of annexin Al in macrophages
restrains efferocytosis and remodels immune microenvironment
in pancreatic cancer by activating the cGAS/STING pathway
[JJ. Journal for Immunotherapy of Cancer, 2024, 12 (9):
€009318.

[84] Zheng L, Li L, Wang B, et al. Annexin Al affects tumor
metastasis through epithelial-mesenchymal transition: A
narrative review| J ]. Translational Cancer Research, 2022, 11
(12): 4416-4433.

[85] Gao K, Li X, Luo S, et al. An overview of the regulatory role

of annexin Al in the tumor microenvironment and its



% 6 4

BOLT A RERE AL LEBAE IR b A FIALE S HH i) 25 Wik A ot SR £k 853

prospective clinical application (review) [ J]. International
Journal of Oncology, 2024, 64(5): 51.

[86] Hein T, Krammer P H, Weyd H. Molecular analysis of
annexin expression in cancer [ J |. BioMed Central Cancer,
2022, 22(1): 994.

[87] Gastardelo T S, Cunha B R, Raposo L S, et al. Inflammation
and cancer: Role of annexin Al and FPR2/ALX in proliferation
and metastasis in human laryngeal squamous cell carcinoma
[J7. Plos One, 2014, 9(12): ¢111317.

[88]Li N, Yan P, Guo L, et al. The small molecule peptide
ANXA114-26 inhibits ovarian cancer cell proliferation and
reverses cisplatin resistance by binding to the formyl peptide
receptors receptor [ J |. Journal of Cell Communication and

Signaling, 2024, 19(1): el2058.

il

[89]FengJ, Lu S S, Xiao T, et al. ANXA1 binds and stabilizes
EphA2 to promote nasopharyngeal carcinoma growth and
metastasis[ ] |. Cancer Research, 2020, 80(20): 4386-4398.

[90] Feng J, Xiao T, Lu S S, et al. ANXAl-derived peptides
suppress gastric and colon cancer cell growth by targeting
EphA2 degradation [ ] ]. International Journal of Oncology.
2020, 57(5): 1203-1213.

[91]YuZZ, LiuY Y, Zhu W, et al. ANXAl-derived peptide for
targeting PD-L1 degradation inhibits tumor immune evasion in
multiple cancers[J]. Journal for Immunotherapy of Cancer,
2023, 11(3): e006345.

[927 Al-Ali H N, Crichton S J, Fabian C, et al. A therapeutic
antibody targeting annexin-Al inhibits cancer cell growth in

vitro and in vivo[J]. Oncogene, 2024, 43(8): 608-614.

LB T B 1] 25 AT 5 AT A o 20 A VT 27 3 R I B W VT B R 2 A i B G R 2 22 B AR o B . IR
FEA ] 11 M T S R A WA T MR A T AR 2 LA R R R 1) 5 7B BOR FIRL LA TRRUIF P 6 L ik
TSRS IR R B MU 25 M AT S U BT TS QIR 25 B A RN PR K J . M 20 1 44 Rl 2 44
PRI 1 & PR 3 44 BRI A 30 A dn . TR AR RS L v 2 B 2 20 55 2020 AR 6 A AR 22N RSR AR A 5 0y TR
Vs, A BRI SE R IR 1236 0 M b S 41 5 3 25 W Wk 40, R H [ [ SR P04 1 AR T DRI L 7 P Y [l 8 R A TR Tt
H 19 T Ak A VESH 10 4R350, K3 SCTIRSC 50 A5 » RAAUK B L F] 10 T

(REHE:KSH)



